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Procedure trays 
oe To control costs 
eegener NOW from E-Z-EM 


hospitals and private practices 


control biopsy costs on a per- 
procedure basis. 


The result: 

E-Z-EM’s new PercuSet line of 
disposable biopsy trays creat- 
ing asystem of procedure trays— 
a system of trays which offers 
the doctor progressive degrees 
of procedure capability. 


The PercuSet Skin Prep Tray in- 
cludes every implement and 
agent needed to cleanse, 
aseptisize, and anesthetize the 
procedure area—for biopsy, or 
for any percutaneous procedure. 


The PercuSet Basic Biopsy Tray 
includes all the elements of the 
Prep Tray, plusa needle stop, and 
aruler/protractor, andthe option 
of an E-Z-EM biopsy needle. 


The PercuSet Expanded Biopsy 
Tray adds a specimen-handling 
section, for complete biopsy 
procedure capability, also 

with the option of an E-Z-EM 
biopsy needle. 


PercuSet Biopsy Trays assure 
absolute sterility, minimize 
component handling, 
eliminate cross-contamination, 
and are laid out in a logical 
procedural sequence. 


They provide effective cost 
control, and reduce inventory 
management of components. 


For additional information and 
a color brochure that details 
the PercuSet System, contact 
your local representative, or call 
E-Z-EM toll-free at 800-645-3052. 
In New York call 516-333-8230. 


E-Z-EM 


More than barium— 
much more 


E-Z7-EM, Inc. 
-Z-EM® , 
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AJR Guidelines for Authors 


Address new and revised manuscripts, correspondence, and 
classified ads to: 

AJR Editorial Office 

2223 Avenida de la Playa, Suite 200 

La Jolla, CA 92037 

telephone: (619) 459-2229 
Make inquiries regarding subscriptions, display advertising, 
reprints, or permission to republish AJR material to the pub- 
lisher: 

The Williams & Wilkins Co. 

428 E. Preston St. 

Baltimore, MD 21202 

telephone: (301) 528-4133 


Publication Policy 


The AJA publishes original and timely contributions to the advance- 
ment of medical diagnosis and treatment with radiologic methods. 
Although content is predominantly clinical, laboratory investigations 
are accepted when their relevance to Clinical practice is demonstrable. 
In prospective clinical investigations, authors should document that 
informed consent was obtained from patients. The material submitted 
must not have been previously published nor be currently submitted 
for publication elsewhere (prior publication of simple abstracts without 
illustrations or tables will not prejudice publication of the complete 
study). Papers dealing with neuroradiology should be addressed to: 
Editorial Office, American Journal of Neuroradiology, Dept. of Ra- 
diology, Massachusetts General Hospital, Boston, MA 02114; tele- 
phone: (617) 726-8342. At the discretion of the Editor of AJR, AJNR 
articles may be republished in AJR. 

Decisions on manuscripts are based on peer review. Reviewers 
receive manuscripts without title pages to protect the identity of 
authors and to ensure an unbiased review; names of reviewers, in 
turn, are not revealed to the authors. Accepted manuscripts are 
subject to editing. Statements within an article, including changes 
made by the Editor or copy editor, are the responsibility of the author 
and not AJA or its publisher. Authors will receive the edited manu- 
script, galley proof, and proofs of illustrations usually 6-8 weeks after 
acceptance. If the corresponding author will not be available, arrange- 
ments should be made for a coauthor or colleague to read and return 
the proof. 


Copyright Information 


In accordance with AJR implementation of the U.S. Copyright Law, 
authors must release first and subsidiary rights to their manuscript 
at submission (unless the study was performed as part of their duties 
as an employee of a U.S. government agency). A dated letter with 
the signatures of all authors should state: “We, the authors, assign 
first and subsidiary rights to the American Roentgen Ray Society in 
the event that our manuscript [insert title] is published by AJR. We 
guarantee that this manuscript contains no matter libelous or other- 
wise unlawful or which invades individual privacy or which infringes 
any proprietary right. AJA, in turn, grants us the right of republication, 
subject only to crediting the original source of publication and receiv- 
ing written permission from the publisher. We understand we will 
receive no royalty or other .compensation from AJR. We guarantee 
that this article and illustrations have not been previously published 
elsewhere or, if previously published in part or in whole, that permis- 
sion has been obtained for republication. Copies of these permissions 





are included and previously published text or illustrations have been 
identified in the manuscript.” (Delete the last sentence if it does not 
apply.) The covering letter also should state that the manuscript has 
been seen and approved by all the authors. 


Manuscript Form 


AJR complies with the Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals (Ann Intern Med 1979:;90:95-99). 
Manuscripts must be typed double-space throughout, including 
references, tables, and figure legends. Each table, the footnotes, and 
the figure legend section should begin on separate sheets; a separate 
title page should be provided. Send the original typescript, one copy, 
and two sets of illustrations (not photocopies). Authors’ names should 
be on the title page only so that author anonymity can be maintained 
during the review process. Permission to reprint previously published 
material should accompany the manuscript. 


Organization of Major Articles 
Title Page 


Titles should be brief yet precise, accurately conveying the content 
of the paper. Limit authors to those who made substantial contribu- 
tions to the work. Include an address for each author, and ZIP or 
postal code; acknowledgment of grant or other financial support 
when appropriate; name of meeting, location, and date if the paper 
was presented; a running head (shortened title); and the name, 
address, and telephone number of the author to whom correspond- 
ence and requests for reprints should be addressed. 


Abstract 


A description of the purpose, methods, results, and conclusions of 
the study is required. The factual highlights of each section should 
be recapitulated. 


Introduction 


Clearly state the purpose of the investigation, including necessary 
background facts that indicate its current relevance. 


Materials [or Subjects] and Methods 


Describe the research plan, the materials or subjects, and the 
methods, in that order. Proof of disease and control of subjectivity in 
observations should be detailed. Metric measurements should be 
used throughout. Put measurements in the International System of 
Units (SI) in parentheses when appropriate; for example, 400 rad (4 
Gy). 


Results 


Present results in logical sequence. If tables are used, do not 
duplicate tabular data but do describe important points and trends. 


Case Reports 


Individual cases can be described if there are only a few; one or 
more cases from a large series can be described individually as 
Representative Case Reports. Each report should concentrate on 
the radiologic information and its usefulness. 


Discussion 


Offer appropriate limitations about the research plan, materials or 
subjects, and methods to give perspective to their adequacy for the 
purpose of the study. Interpret the results to lend meaning and 
importance to the observations. Hypotheses and speculation based 
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on the results are encouraged. When results differ from those of 
previous investigations, an attempt should be made to explain the 
discrepancy. Conclude with a brief statement regarding Clinical sig- 
nificance. 


Acknowledgments 


Acknowledge only persons who have made substantive contribu- 
tions to the study. Mention grant support on the title page. 


References 


References should be offered to document major assertions of fact 
and any opposing evidence and concepts. Discretion in number is 
requested. References should be cited in the text by number (e.g., 
[3, 4]). The reference list should be arranged in the numeric order 
that references are cited in the text and typed double-spaced 
throughout. References cited first or only in tables or figure legends 
should be numbered by the sequence in which the table or figure is 
first identified in the text. Data for each reference should be arranged 
according to the style adopted by the U.S. National Library of Medi- 
cine and used in Index Medicus. Accuracy of reference data is the 
responsibility of the author. Provide all authors’ (or editors’) names 
when fewer than seven; when seven or more, list the first three and 
add et al. Provide inclusive page numbers; if an article is only one 
page, please indicate. Abbreviations for titles of medical periodicals 
should conform to those published in /ndex Medicus. Articles that 
appear in both AJR and AJNR should be a single reference that cites 
both journals (example 3). Examples: 

1. Kirks DR, Fram EK, Vock P, Effmann EL. Tracheal compres- 
sion by mediastinal masses in children: CT evaluation. AJR 
1983;141:647-651 

2. Khansur T, Yam LT, Tavassoli M. Serum monitors of bone metas- 
tasis. In: Stoll BA, Parbhoo S, eds. Bone metastases: monitoring 
and treatment. New York: Raven, 1983:165-180 

` 3. Sage MR. Review. Kinetics of water-soluble contrast media in 
the central nervous system. AJNR 1983;4:897-906, AJR 1983; 
141:815-824 

Unpublished data and personal communications should not be num- 

bered references but should be put in parentheses in the text (e.g., 

Smith JD, personal communication). 


Tables 


Tables should be concise and organized to show trends, not merely 
compilations of raw data. (The Editor may request that tables of 
backup data too extensive to be published be deposited with the 
National Auxiliary Publications Service or made available by the 
author.) Include only data pertinent to the subject. Long itemized 
case histories are better presented in the text as case reports or 
summaries. Do not repeat in tabular form material presented in the 
text. Tables should have titles and headings, but no vertical or 
horizontal rules. 


Illustrations 


Figures should be submitted as 13 x 18 cm (5 x 7 inch) glossy, 
black-and-white prints, untrimmed and unmounted. Labels and ar- 
rows must be of professional quality and removable. Number each 
figure to correspond with the figure legends and indicate the top. 
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Avoid writing directly on the back of the print. Special permission for 
publication of facial photographs of patients or for previously pub- 
lished pictures is required. Line illustrations or graphs must be profes- 
sionally drawn in black ink on white background; please send pho- 
tographic prints (not photocopies), not originals, to avoid damage in 
handling. Color illustrations will be used at the discretion of the Editor; 
send color prints. Firm estimates of cost will be sent to the author(s) 
for approval before publication. Identical anatomic structures in color 
prints should be the same size to facilitate reproduction and reduce 
cost. 


Legends 


Figure legends should carry a title identifying the message of the 
illustration and the case number if individual cases are described in 
the text. Legends should be as brief as possible for the informed 
reader to understand the figure. Detailed clinical data should be 
avoided. Legends for previously published illustrations should cite 
the reference number of the source (e.g., Reprinted from [8}). 


Organization of Case Reports 


Concise case reports will be considered for publication if they 
present unusual experiences that are medically important and instruc- 
tive. Clarity and brevity are essential. After preliminary screening by 
an editor to determine whether the requirement of medical signifi- 
cance has been met, qualifying papers will undergo the same peer 
review as major papers. To facilitate planning the order and layout of 
each issue, case reports are limited in length to two journal pages. 
The introduction should be one short paragraph that gives some 
general background of the disorder and the specific interest and 
message of the case presented. Only one case should be described 
in detail. The case report should concentrate on the radiologic infor- 
mation and its usefulness. The discussion should focus on the specific 
message of this report and the relevance of radiology in this instance. 
If the author has encountered other cases, they may be briefly 
mentioned, and possibly illustrated, but not described in detail. There 
should be no more than eight references. The figures should be 
limited to the minimum required to document the case findings, 
probably not more than four pictures, each a column wide (or the 
equivalent). Excess illustrations would require severely shortening 
the text. Figure legends should be as short as possible and should 
not repeat the text. There can be no tables and no acknowledgments. 
See previous sections for detailed instructions regarding references 
and illustrations. 


Other Contributions 
Technical Notes 


Brief descriptions of new techniques or significant modifications of 
older ones that are directly applicable to the clinical practice will be 
accepted if review is favorable. Technical notes do not carry abstracts 
or acknowledgments. 


Letters to the Editor 


Letters are subject to editing and condensation. Criticism of pub- 
lished articles should be objective and constructive. Letters also may 
discuss matters of general interest to radiologists. 


Tecnomed USA 


MAMMOGRAPHIC 
SYSTEM 








In the beginning... 
The original MAMEX DC 


The Mamex DC is a complete mammographic 
system, consisting of a modern, efficient DC 
i generator which virtually eliminates “ripple” and 
gives a higher resolution image with consistently 
higher subject contrast; a molybdenum anode 
x-ray tube; and a motorized compression system 
with floor remote control. 


Standard features: 

* Compact DC generator with automatic 
exposure control. 
Exposures can be made once every 30 seconds. 

* Stand designed for x-ray examination of the 
breast. 

* Hardened glass screen protects technician 
during exposure. 

* Floor remote compression control. 

* Phototiming detector position selector. 

* 

* 





Field light. 

Breast compression plate; 

Biopsy compression plate; 

Spot cone compression plate. 

18x24cm Kodak Min-R cassette with screen. 
Film identification markers. 

Automatic line voltage compensation. 

.6x.6 stationary anode molybdenum x-ray tube 
with beryllium window. 


+ + + 


Options: 

* 200L 3.5:1 grid. 

* Carbon fiber cassette tunnel with grid pocket. 
* In-hospital wheel assembly (shown). 

* Van wheel assembly. 


Mamex DC... 


* Five-year proven track record of performance 
and reliability; 

* Hundreds of satisfied physicians, clinics, and 
hospitals throughout the United States and 
internationally; 

œ * Full 12-month non-prorated warranty on the 
peu x-ray tube: 

* Average midbreast dosages, on a 2-film exam of 
a 6cm compressed breast, of .07R or less (as 
documented by the University of Michigan 
Breast Cancer Detection Center - Ingvar 
Andersson, M.D.) 


a . . Offers your facility the very best in diagnostic 
Original MAMEX DC equipment available in today’s marketplace. 





nL 
Tecnomed USA 235 South Fehr Way. Bav Shore. New York 11706 è 516/586-1991-Teley I 519.997.R97 
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Kodak opens a new chapter 
n screen-film mammography 
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New two-screen, 
double-emulsion 
film combination. 


Introducing 
KODAK MIN-R Fast Screens and 
KODAK T-MAT M Film 


For years, Kodak has been writing the 


book on mammographic imaging. Now a new 
chapter unfolds. 


For the first time, you Can us€ a two-screen, 


© Eastman Kodak Company. 1986 


double-emulsion film combination for mammog- 
raphy. A combination that Kodak has created 
specifically for mammographic applications. 

It's the new KODAK MIN-R Fast Screens 
and KODAK T-MAT M Film combination. And 
it's the fastest, high-quality, low-radiation- 
exposure mammographic imaging system in 
existence. It's so efficient, it reduces radiation 
exposure by 2.5x. 

This technological breakthrough is the 
result of new screen-coating capabilities 
combined with Kodak's Innovative T-Grain 
emulsion technology. 

___ The proprietary new screens comprise a 
thin front screen and a conventional thickness 


Ser 


T-Grain emulsions are perhaps the biggest 
advance in silver halide imaging in 50 years. 
The new tablet-shaped silver halide grains used 
in KODAK T-MAT M Film capture more light, 
afford increased speed, and don’t compromise 
image quality. 





T-Grain emulsion technology is the basis for the new KODAK 
T-MAT M Film. The emulsions employ flat, tabular grains of silver 
halide (left) rather than the conventional pebble-shaped grains. 






æ Ideal for low 
output units 


~ ® Reduces 
imaging dust 
and dirt 
artifacts 
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In addition, the T-MAT M Film has a 
magenta dye adsorbed onto the T-Grain crystals 
to absorb the green light emitted by the rare earth 
intensifying screens, reducing crossover without 
sacrificing system speed. 

The double MIN-R Fast Screens and the 
T-MAT M Film are provided in low-absorbing 
KODAK MIN-R Cassettes or mounted in folders 
for use in vacuum devices. The result is a state- 
of-the-art system customized for mammography. 
A system that eliminates imaging dust and dirt 
artifacts, and provides an intimate screen-film 
contact to further maintain image sharpness. A 
system that can be used with grids to deliver the 
high-contrast image you need, while reducing 
radiation dose. 

To open a new chapter in mammography 
for you and your patients, contact your Kodak 
technical sales representative. 


New KODAK MIN-R Fast Screens 
and KODAK T-MAT M Film, the combination 
with a 2.5x radiation dose reduction. 


Relative contrasts, speeds, and average glan- 
dular dose comparisons of Kodak films used 
with Kodak screens for mammography 


Average 
Glandular 
Relative Dose? 
Contrast! 


Ortho M Film 


KODAK 
MIN-R Screen 


T-MAT M Film 


KODAK 
MIN-R Fast Screens 


Development—KODAK RP X-OMAT Processors using seasoned KODAK RP X-OMAT 
Chemicals or equivalent at recommended temperatures. 


Contrast’ — Measured as the average gradient between densities 0.25 and 2.00 above 
gross fog 


Relative Speed? — Determined from matched density radiographs. KODAK Ortho M 
Film arbitrarily assigned a relative speed of 100. 


Technique?— Based on average size breast. craniocaudal view, molybdenum target 
tube, 0.03 mm molybdenum filter, 28 kVp setting. 


New KODAK MIN-R Fast Screens 


The KODAK MIN-R Fast Screens incorporate phosphors 
which contain metals from the lanthanide series of 
“rare earth” elements. Using a molybdenum target x-ray 
tube with a beryllium window, 30 microns molybdenum 
filtration, and a 4 cm clear plastic breast test object, 
energy absorption by the screens is approximately 

90 percent. The MIN-R Fast Screens are to be used in 
a KODAK MIN-R Cassette or suitable vacuum holder, 
with KODAK T-MAT M Film. 





New KODAK T-MAT M Film 


The new double-coated KODAK T-MAT M Film is a 
high-speed, high-contrast orthochromatic x-ray film 
specially designed for mammographic imaging. It incor- 
porates light-sensitive dyes to absorb green light emitted 
by the intensifying screens and reduce image blur. 

It is ideal for applications where high film speed 
is desired to reduce exposure times and radiation dose a 
—for example, with the use of grids, small focal spots, 
and magnification techniques. 


The KODAK MIN-R Cassette 


The KODAK MIN-R Cassette provides fast, easy loading 
of films for the mammographic procedure. The all- 
plastic molded cassette provides intimate screen-film 
contact and low absorption. The tube-side panel of the 
cassette is thin, injection-molded polycarbonate, 

with low x-ray absorption. Combined with appropriate 
compression, the design of the MIN-R Cassette permits 
good visualization of soft-tissue information near the 
chest wall of the patient. MIN-R Cassettes can be 
supported with a holding device available on most 
dedicated mammography x-ray units. 


Availability 

KODAK T-MAT M Film 

ea. re || aert i a CAT No. 810 9456 

op ae ts) | i ec CAT No. 809 6091 
cL | | E CAT No. 847 4975 


KODAK MIN-R Fast Screens 
(in KODAK MIN-R Cassettes) 


LA s/s || eiiean CAT No. 813 3332 
Fe 2S | | CAT No. 810 1412 
(in folder for vacuum devices) 

OO, POW ov bork oe ced cued, CAT No. 847 6673 





Kodak, X-Omat, Min-R, T-Grain, and T-Mat are trademarks 
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The LORAD M-II" 
Dedicated Mammography 
System...ideal for both 
Low Cost Screening and 
Sophisticated Diagnosis 


HIGH THRUPUT OF PATIENTS 


ASSETTE AND GRID CHANGES 





LOrad M-II meets the increasing demand for cost-effective mam- 
mographic screening systems. When operating in a screening mode, 
outstanding thruput results from LOrad M-II’s compression and posi- 
tioning controls, quick change cassette holders, continuously adjust- 
able collimator, and automatic exposure. Easily mobile on large wheels, 
it plugs into any standard 115 volt power source, yet automatically 
delivers clean power at constant potential. And when a suspicious read- 
ing makes sophisticated diagnostic procedures advisable, LOrad’s mag- 
nification and biopsy modes are easily attached. 





Standard equipment includes: 


Contact Film-screen Mode, with spe- 


cially-designed breast compression de- 
vices and matching cassette holders. 
Magnification Mode, including com- 
plete assembly which quickly attaches as 
aunit. It works with the new microfocus 
x-ray tube with rotating molybdenum tar- 
get and alternative microfocal spot of .1 
mm to give sharp, clearly-resolved magni- 
fied images. The special built-in LOrad 
5-plate collimator with a light field indica- 
tor makes it easy to confine the beam pre- 
cisely to the area of concern. 


Biopsy localization mode. Its spe- 
cial compression device is perforated for 
a biopsy needle. The side-loading cas- 
sette allows the technologist to maintain 
positioning during film changes. 

Grid Systems available. 

The money-saving, time-saving new 
LOrad Permagrid™ has a stationary grid 
built into a specially engineered LOrad cas- 
sette holder. This slips easily onto the 
image receptor and accepts standard cas- 
settes, and may be loaded and unloaded 
from either side. For those who prefer 
them, a Bucky moving grid or separate sta- 
tionary grids are available. 


LEASING PLANS AVAILABLE THROUGH YOUR DEALER. For his name, phone: 


LOrad Medical Systems, Inc. 
Eagle Road 
Danbury, CT 06810 
(203) 798-1127 








Toshiba's TCT-900S... 





CT beyond the 
fourth generation. 


Toshibas TCT-900S scanner is 
indisputably unique to the CT 
imaging industry. In fact, Toshibas 
leading edge technology actually 
takes CT beyond the fourth gener- 
ation into another dimension with 
these technological features found 
in no other comparable system: 

1. Consistently superior image 
quality: just what you expect 
from Toshiba. 

2. Nutate/Rotate geometry with 
continuous scan: thirty scans 
in thirty seconds. 

3. True dynamic scan: no inter- 
scan delay. 

4. Sub-second scanning: quality 
images in 0.6 seconds. 

Let the competition tell you that 

CT technology can go no further. 

But you owe it to yourself to see 

just how far Toshiba can really go... 


Call or write: Toshiba Medical Systems, 
2441 Michelle Drive, Tustin, CA 92680. 
In California, call (714) 669-5419. Outside 
California, call toll-free (800) 421-1968. 
In Canada, call (416) 298-6100. 





In Touch with Tomorrow 


Se TOSHIBA 


GLOBAL IMAGING SPECIALISTS 





The second 
study measured 
catheter tip inden- 
tation depths. | 
Here SOFTIP | 





showed 43% to A 
96% less inden- 
THE MOST SIGNIFICANT  t&tion than other 
IMPROVEMENT IN catheters tested 
DIAGNOSTIC RADIOLOGY (Fig. 2). 
CATHETERS IN TOROUE 
REGENT YEARS. SUPERIORITY 
Shiley SOFTIPs Stan- YOU CAN FEEL. 
dard and High Flow diagnostic A 16-strand 
adiology catheters* Now they stainless steel wire 
provide increased safety for braid within specially 
patients. And better torqueabil- formulated radiopaque poly- 
ity for you. urethane runs the full length | . 
SOFTIP's improved of the catheter body. In the added memory. Yet longitu- 
patient safety comes from a 5 and 6 French catheter braid- Nal flexibility is never 
unique, patented catheter tip ing extends to the deformable compromised. | 
which deforms on contact tip. In all cases, the result is a The same special poly- à 
with vessel walls. Catheter precise one-to-one torque urethane also results in a 
forces previously directed atio for optimum control, plus Superior curve memory. Conse- 
against the intima are now quently, positioning is easier 


while recoil and whipping may 
be minimized. 

SOFTIP provides out- 
standing visualization, too. 


absorbed by the catheter 

tip itself. As a result, the risks 

of intimal/subintimal lesions, 

intramural dissection, Figure 1A. 
perforation and related SS oes 
vessel thrombosis and F. 
clot or plaque embo- 
lism may be reduced. 


STUDIES CONFIRM 
SOFTIP PATIENT 


S/ 















Figure 1B 


Fig. 1A Canine histology studies 
demonstrated a reduction of intimal 
abrasions with the SOFTIP catheters 
patient-safe deformable tip. 

Fig. 1B /n contrast, conventional 
catheters showed significant 
endothelial disruption. 
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In-vivo and in-vitro 

studies compared SOFTIP 
with two other conventional 
catheters. Both studies sug- 
gest that SOFTIP reduces the 
likelihood of angiography 
complications. 

In the first study, light- 
micrograph cross sections of 
canine aortic tissue (Fig. 1A & 
1B) demonstrated a reduction of 
intimal abrasions with SOFTIP 








Shiley Incorporated, 17600 Gillette Avenue, Irvine, CA 92714-5751 USA, (714) 250-0500 (800) 854-3683, Cable: SHILEYINC IRIN, Telex: 68-5585. 
Shiley-Europe, Staines House, 158-162 High Street, Staines, TW184AZ, England, Tel: (44) 784-61533, Telex: 919851 PFHPGS-G. 

Shiley Canada, 251 Bartley Drive, Toronto Ontario, M4A-2N7, Canada, Tel: (416) 752-9990, Telex: 389-06963811. 

For detailed information describing intended use, warnings, precautions and contraindications, refer to the instructions provided with each 

device or contact the Shiley Corporate Office. 


16-Strand Wire Braiding helps 
produce one-to-one torque control. 


Angithane™** a specially formulated 
radiopaque polyurethane, improves 
handling, shape retention and 
visualization. 

CELGARD™** silicone coating 
demonstrates superior catheter throm- 
boresistance and increased lubricity. 





And its walls withstand high- visualization, all without increas- The exterior of each 

pressure injections without ing French sizes. SOFTIP catheter is coated with 

compromising expected flow Winged SOFTIP hubs are silicone CELGARD™** for 

rates. clearly marked with catheter improved thromboresistance 

HIGH FLOW AND MORE. length and French size for easy and lubricity. Studies demon- 
In addition to Standard identification. A secure grip strated that 


Flow catheters. SOFTIP offers facilitates more efficient on-off : 
a range of High Flow French connections. And a tapered _— 
sizes. High Flow catheter hub lumen promotes -_ 

lumens have been enlarged smooth injections. i 
without increasing outside 
catheter diameters. The bene- 
fits include improved flow 
capacity, greater media con- 
centrations and better 





















= ~~ Silicone coated 
ail SOFTIP c ‘atheters 
yielded the lowest throm- 
bogenicity index of any catheters 
tested! 


= at GET MORE HARD FACTS. 
yall | : CATHETER TIP To learn more about 
| Te ARELiEL core, OOF TIF diagnostic radiology 
catheters with greater patient 
safety, better control and 
improved memory, call your 
Shiley Customer Service Repre- 













Figure 2. 








Shiley SOFTIP 


Wi usci sentative at 1-800-854-3683. 
IE Cordis In Alaska, call 714-250-0500 


collect. In Europe, contact 
your Schneider-SOFTIP 
representative. 


Indentation depths in a 
semi-soft wax medium simu- 
lating vascular tissue were 
reduced 43% to 56% with 
SOFTIP angiography catheters 
when measured against con- 
ventional catheter tps. 


Indentation Depth (Microns} 


"Acute Canine [ntra-Arterial 
Implantation Screening for Thrombo- 
genicity,” Utah Biomaterials Test Lab. 


Force (Grams) 


Shiley SOFTIP= 140 +13 p's 
USCI = 246 +15y's 
Cordis = 318 +20y's 


\bout SOF TIP 


Standards of excellence. .. beyond excellent standards. AShiley 


A Pfizer Company 








© Shiley Incorporated. All rights reserved. 086SP184 (5/86). 

SOFTIPs is a registered trademark of Angiomedics Incorporated. 

**CELGARD and Angithane are trademarks of Angiomedics Incorporated. 
*U.S. Patent Numbers 4,551,292: 4,531,943. 


SIEMENS 


> 


MAGNETOM MR systems 
with Self Shielding 





It's a fact that superconducting m: 
superior image quality and less ris 
But site selection can be a proble! 
limitations lead to expensive room 
Or worse, compromising your MR 


But you can have both the quality 
system and an economical site la) 
Self Shielding comes in. Tucked ne 
MAGNETOM'’s covers, it shrinks tt 
directions. 


More than better | 
A better fit. 


Installation space is cut 
How much space can you save? C 
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The diagram above shows the 0.5 mT 

line for (clockwise from upper left)a 0.5 SẸ 
T, 1.0 T, 1.5 T, and 2.0 T MAGNETOM. O. 
The 0.5 mT is shown for the unshielded 

(red), Type 1 Self Shielded (green) and N 
Type 1 Self Shielded (Blue). in 
With its symmetrical design, Self $ 
harm the homogeneity of the imac 
homogeneity is often better than u 
in typical sites because asymmetr 


has less interaction with the magn 
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Self Shielding’s symmetry means no af 
sacrifice in magnet homogeneity. tic 


No intimidating structures 

Self Shielding fits inside the MAGN 
it's invisible to staff and patients. T 
architecture is needed. And patier 
comfort—key to high throughput— 





Siemens Medical In: 
Systems, Inc. Sie 
186 Wood Avenue South "1 
Iselin, NJ 08830 Mi 


certain configurations and applications, includ 
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Ske. LSS *The Siemens MAGNETOM has received FDA p 


Configurations and applications that are curre! 
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Contrast Resolution: Enlarged spleen, normal left kidney Penetration. Diffuse liver disease, small pleural « 
Arkansas Childrens Hospital, Little Rock, AK. 


7:31PM 


A 
i2 55 Th ffi 


m m 
PARPTIDS/¥ 


cm 
cL 
r me, 


VEL #410 
MAY 4 e VD 
MEAN=+. 38 
WOTH=+. 
ADT He 


_: 
ILS 


WAAN < 


1 ONN 
aa Tm 
I 


as 


-Jí 





Detail and Contrast Resolution: Pediatric spine 


Imaging and Doppler: 15-49% ICA Stenos 
Wlers Childrens Hospital, University of Chicago, Chicago, IL. 


SCROTAL IRANS - LEFT APPENDIX TESTE 83:54: 38PM 
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“GLAND 


tCALCULUS IN RIGHI 
SUBMANDIBULAR GLAND 





Tissue Differentiation: Bilateral testes, epididymis 
Tufts New England Medical Center Boston, MA. 


Clinical Versatility: Submandibular gland 
Newcastle General Hospital. Newcastle, U A 


99: 29:14AM 
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DISTANCE 36. Amm 
Near-Freld Resolution: Liver Mass Image Uniformity: Near and far-feld liver lesions 
University of Alabama, Birmingham, AL. University of Alabama, Birmingham, AL. 





Early Diagnosis: Nine-week fetal spine PV Scan Format: ICA, intimal defect soft plaque 
Frauenklinik, Salzburg, Austria Huntington Memorial Hospital, Pasadena, CA. 





Diagnostic Conhdence: 2nd Trimester spinal defect Contrast Resolution: Differentiated neurogenic tumor 
Diagnostic Ultrasound Association, Boston, MA normal thyroid 
Vancouver General Hospital. Vancouver B.C 
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COMPUTED SONOGRAPHY 





L O O K A 


Comparing phased annular arrays and 
Computed Sonography” is like compar- 
ing a calculator to a computer. Phased 


annular arrays are conventional ultrasound 


technology—they are still mechanical 
scanners with all their inherent problems. 


Computed Sonography is new technology— 


the image is formed under total software 


control by our proprietary ultrasound com- 
puter. Look at the technologies. Then look at 


the images. There really is no comparison. 


COMPARE THE TECHNOLOGIES 


Image Quality 

a Phased annular arrays have typically 
5 information channels—not enough to 
maintain the uniform quality of focus 
necessary for the best detail and 
contrast resolution. 

= Computed Sonography has 128 inde- 
pendent image resolution channels— 
producing images recognized as the 
Gold Standard in Ultrasound. 


Reliability 
= Phased annular arrays are mechanical, 


fluid-filled sector scanners with a known 
history of reliability problems. 


T T H 






uted Sonography 


Phased Annular Arrays 


Only Computed Sonography has 
enough channels to maintain 
excellent focal quality 
throughout the field of view. 


F A C T § 


= Computed Sonography delivers 
documented 99.9% up-time. 


Linear Format 


= Now recognized as the best format 
for Small Parts, Peripheral Vascular and 
Obstetric applications. 


= Computed Sonography provides both 
linear and sector formats— phased 
annular arrays are sector only. 


Simultaneous Imaging 


= Only Computed Sonography provides 
simultaneous real-time imaging and 
Doppler or M-Mode—and from the 
same transducer. 


= Simultaneous real-time imaging makes 
Doppler faster to learn and easier to 
perform. 


EVALUATE THE TECHNOLOGIES 
AND THE IMAGES: THERE IS NO 
COMPARISON. 


a Call 1-800-4-ACUSON. 
Or in California 1-800-5-ACUSON. 
We'll make a believer out of you. 








American Roentgen Ray Society 
Officers, Committees, and Meeting Informatio: 


Officers 


President: Jerome F. Wiot 

President- elect: Raymond A. Gagliardi 
tst Vice-president: Lee F. Rogers 

2nd Vice-president: Gerald D. Dodd 
Secretary: Glen W. Hartman 
Treasurer: Ronald G. Evens 


Executive Council: E. Gedgaudas, J. F. Wiot, L. F. Rogers, 
R. A. Gagliardi, R. G. Evens, R. N. Berk, F. L. Angell, J. E. 
Madewell, M. P. Capp, G. W. Hartman, B. G. Brogdon, G. A. 
Kling, H. C. Carlson, A. K. Poznanski, A. E. James, Jr., J. A. 
Kirkpatrick, Jr., G. R. Leopold, G. D. Dodd, J. T. Ferrucci, Jr., 
R. H. Troupin, chairman 


Committees 1986-1987 


Editorial Policy: S. S. Sageli, W. J. Casarella, J. T. Ferrucci, Jr., 
N. C. Whitley, S. Hilton, A. J. Davidson, J. M. Taveras, R. N. Berk, 
M. P. Capp, chairman 


Education and Research: C. E. Putman, A. R. Margulis, J. R. 
Thombury, R. A. McLeod, J. T. Ferrucci, Jr., ex officio, B. G. Brogdon, 
chairman 


Finance and Budget: B. P. Wood, L. R. James, J. A. Kirkpatrick, Jr., 
A. E. James, F. L. Angell, chairman 


instruction Courses: R. A. McLeod, associate chairman, J. T. Fer- 
rucci, Jr., chairman 


Program: J. Wiot, G. W. Hartman, J. A. Kirkpatrick, Jr., R. H. Troupin, 
M. P. Capp, J. E. Madewell, B. G. Brogdon, J. T. Ferrucci, Jr., G. A. 
Kling, G. G. Gnahremani, M. Viamonte, R. A. Gagliardi, chairman 


Publications: W. J. Casarella, J. T. Ferrucci, Jr., S. S. Sagel, N. C. 
Whitley, M. P. Capp, chairman 


Scientific Exhibits: S. G. Kirchner, A. V. Proto, S. M. Goldman, J. E. 
Madeweli, chairman 


Nominating: W. J. Casarella, H. C. Carlson, A. E. James, chairman. 





Representatives to Other 
Organizations 


American Board of Radiology: E. C. Klatte, R. W. McConnell, L. | 
Rogers 


American College of Radiology: J. L. Gwinn, G. A. Kling, G. V 
Hartman, J. M. Dennis, E. J. Ferris, J. E. Madewell 


American Medical Association House of Delegates: S. F. Ochsne 
K. C. Krabbenhoft, alternate 


American National Standards Institute: M. Haskin 


National Council on Radiation Protection and Measurement 
E. L. Saenger, H. L. Friedell 


Meetings, Membership, Business 
information 


Annual Meetings: April 26-May 1, 1987, Fontainebleat 
Hilton, Miami Beach; May 1-6, 1988, Westin Bonaventuri 
Los Angeles; May 7-13, 1989, Hilton, New Orleans. 


Director Annual Meeting: George A. Kling, Harper Hospite 
Detroit, Mi 48201 


ARRS Membership: Rosalind H. Troupin, Dept. of Radiology, Hospit 
of University of Pennsylvania, 3400 Spruce St., Philadelphia, P 
19104. The ARRS has two membership categories: active and i 
training. For active membership, applicants must practice radioloc 
in the U.S. or Canada. Each must have graduated in good standir 
from an approved medical school or hold an advanced degree in 
physical, chemical, or biological science and be certified by tt 
American Board of Radiology, the Royal College of Physicians ar 
Surgeons of Canada, or otherwise adequately document training ar 
credentials. A member-in-training must be in a radiology residency, 
postresidency fellowship program, or a postgraduate student in z 
allied science. Status must be verified by the program director. F: 
consideration during the 1987 ARRS meeting, completed applicatior 
must be received by Dr. Troupin no later than Feb. 1, 1987. 


Business Office: Paul Fullagar, executive director, George J. O’Ho| 
controller, American Roentgen Ray Society, 1891 Preston White Dr 
Reston, VA 22091. 


oe year-old male. Five days post excisic 
_ Of meningioma. 


Deep vein thrombosis with evidence of 
à) p vem Javobin. 


ar e treated with anticoag- 
h ue to 9 Tecent intracranial surgery 
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| Medi-tech, Incorporated 
480 Pleasant Street 
i Masac 1407 - 








/ The Case 
For Quality. 


Patient: 58-year-old male. 


Diagnosis: Focal high grade stenosis of the right 
common iliac artery. 


Considerations: Tortuous iliac circulation and scarred 
entry site at groin. 


Indicated Percutaneous transluminal 

Treatment: angioplasty. 

Requirements: Catheter must enter vessel easily, track 
effectively to lesion, and traverse lesion 
atraumatically. Balloon must sustain high 
pressure without distorting, deflate rapidly, 
and resume low profile for easy with- 
drawal at puncture site. 


Dilatation Medi-tech 8mm x 3cm balloon dilatation 

Catheter catheter. Chosen from over 100 Medi-tech 

Selected: dilatation catheters, all combining 
advanced technology with strict clinical 
standards of quality and reliability. 


Medi-tech, Incorporated 
480 Pleasant Street 
P.O. Box 7407 
Watertown, Massachusetts 02272 
(617) 923-1720 Telex 922-453 


Ordering Information (800) 225-3238 





Ackrad H/S Catheter Set for 


The NEW 


Hysterosalpingography 


Now: Easier on the Patient... 
Better for the Physician 


The unique small sizes (5 and 7F) of the flexible balloon- 
bearing catheter provide previously unavailable free- 


dom from trauma for the patient. A placement sheath 
and inflation syringe are included in the set for a rapid 
and efficient procedure 


Sample furnished on request. 


Help us to 
serve you 
better..... 


L ACKRAD LABORATORIES, Inc. 


J 70 Jackson Drive, P.O. Box 1085, Cranford, NJ 07016 


(201) 276-6390 





Two step 


too. 








USE 


YOUR 
ZIP 
CODE 


Remember, your zip code 
provides faster, more direct 
delivery of your journals. 
Use iton all correspondence, 


| _ 
film control 


Minimize X-ray exposure. Optimize image quality. Stabilize film 
processor performance, film speed and contrast. Quickly. Easily. 
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The Tobias Model RF 
Wejex Sensitometer 





Produces a precise 11-step wedge exposure 
on your X-ray film. Exposure made just 
before processing eliminates latent image 
fade problem.* Features: Precise shutter 
exposure control. Variable lamp intensity. 
Provisions for 2”x 2” ANSI blue, green or 


other filters, double sided exposures, 8”x 10” 


and 35mm test film alignment. And more. 


*Lawrence, D.J.: A Simple Method of Processor Control, 
Med. Rad. and Photog. 49, 2-6, 28, 1973 (Reprints available 
on request) 


Wejex Universal 
Model RF 

Also available 
Wejex Standard 
Model R 





For a demonstration, call your Tobias dealer. 
Or write for our brochure. Ask about our 30 day free trial. 


The Tobias 
Model TBX Digital 
$ Densitometer 

Measures optical transmission 
density of the Wejex-exposed step 
wedge over a density range of 0 
to 4.50. Accuracy + 0.02. 
Repeatability + 0.01. State-of-the- 
art electronics. Lighted digital 
display. 5 second warm up. Easily 
portable. Virtually no zero drift. 
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INC. 


Jà TOBIAS ASSOCIATES, 
50 Industrial Drive, P.O. Box 2699, Ivyland, PA 18974, (215) 322-1500 


meter and TBX Densitometer. 


Please send me a copy of D.J. 
Lawrence's “A Simple Method of 
Processor Control.” 


Tell me more about your 30 day free 


i Send literature on the Wejex Sensito- 
i trial policy. 


Name 
Title/Organization __ 
Address 
City State __ 
Zip -n e = 
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60-year-old male with palpable 
abdominal mass. 


Abdominal aortic aneurysm. 

Surgical aorto-bifemoral bypass. 
Abdominal aortogram requires high 
contrast flow for maximum filling and 
superior visualization of the aorta. Pig- 
tail catheter must retain shape during 
injection for safe delivery of large 
contrast bolus. 

5 French Medi-tech High Flow pigtail, 
65 cm. One of the complete line of High 
Flow Angiographic Catheters for flush 
and selective studies, combining advanced 
technology with strict clinical standards 
of quality and reliability. 


Medi-tech, Incorporated 
480 Pleasant Street 
| P.O. Box 7407 
Watertown, Massachusetts 02272 


(617) 923-1720 Telex 922-453 
Spa ag Information (800) 225-3238 
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Radiograph courtesy of Michael E. Jay, M.D., 
Harvard Medical School 





Compare the two images below. Both 
are the same breast tissue specimen. One 
is a film screen image, the other, a 

Xeroradiograph. As 
you can clearly see, 
Xeroradiography 
shows calcifications 
easier. 

Small wonder 
that Xeroradiog- 
raphy is the most 

= == widely used method 
for mammography. 

Its wide recording latitude shows you 


the nipple to the chest wall on one image. 
This, together with the clarity provided by 
superior resolution and edge enhancement 
allows calcifications to be seen anywhere 1 
the breast. 

For more infor- 
mation, call or write 
Xerox Medical 
Systems, PO. Box gosana 
5786, Pasadena, CA 91107, (818) 356-1221. 

Xeroradiography. It’s easy to see. And 
that’s why radiologists have made it the 
image of choice. 





it's easy to see 


_ why our 
image Is 71 





Film screen image of breast tissue specimen. 








Xeroradiograph of breast tissue specimen. 


Xerox® is a registered trademark of XEROX CORPORATION. 





Excellent vascular tolerance: low 
incidence of postphlebographic thrombosis.' 


D Significant improvement in comfort reduces patient motion‘: 
Less need for repeat examinations. 


Subjective Sensations in Peripheral Arteriography 


No or slight reactions 





E lohexol 
(n = 133 patients) 


*Diatrizoate meglumine 52%/sodium 8%; diatrizoate E lOnic Monomeric Media 
meglumine 66%/sodium 10%; iothalamate meglumine 60% (n = 130 patients) 





ft Improved hemodynamic profile over conventional ionic media. 
Systolic and diastolic pressures are maintained near baseline levels.®’ 


ft Improving the nephrotoxicity profile: Minimal effect on glomerular 
filtration rate, permeability, or albumin excretion.®% 


Not recommended for patients with anuria. Since adverse reactions 
can occur with nonionic media, similar preparations to those 
recommended for ionic media should be planned to handle severe 
or potentially fatal reactions. 


D Wider margin of safety even at higher iodine concentrations." 
Less potential for renal damage compared to conventional ionic media. 
Minimal effect on creatinine levels and renal enzymes. '° 


Significant improvement in patient comfort 
in cerebral arteriography. 


D Significant improvement over conventional ionic contrast media: 
Fewer and milder pain and warmth sensations. 
Excellent neurotoxicity profile." 


D Excellent cardiovascular safety profile: Fewer injections 
accompanied by major changes in heart rate.61415 





For peripheral arteriography: Recommended concentrations Adapted from Wolf*; data on file, Winthrop-Breon Laboratories.° 
OMNIPAQUE 300 (300 mgI/mL) or OMNIPAQUE 350 (350 mgl/mL). Comparable concentration and volume per injection 
For cerebral arteriography: Recommended concentration 


Excellent diagnostic quality in 
intravenous digital subtraction angiography. 


| [ Greater patient comfort, better tolerance: Most subjective side 


=- effects are mild.®'&'8 


D Excellent diagnostic images: Significantly less image degradation 
secondary to swallowing, motion, coughing. '® 


Q Good to excellent radiographic quality achieved in 94% of 
patients studied (n = 81).61®18 94% of carotid DSA studies conducted 
with no or only slight artifacts. '’ 


Excellent patient tolerance 
in excretory urography. 


L Less nausea, vomiting, and heat sensation compared to 
conventional ionic contrast media. 


[ In 96% of patients, discomfort was absent or mild.° 


Discomfort in Urography 


a 





E lohexol 


(n= 195 patients) 
E ionic Monomeric Media* 
(n = 164 patients) 


*Diatrizoate meglumine 52%/sodium 8%; iothalamate 
sodium; metrizoate meglumine/Na//Ca 


Moderate 


Severe 





NONIONIC 


Data on file, Winthrop-Breon Laboratories.” 


(IOHEXOL) 


‘See following pages for important product information concerning 
contraindications, warnings, adverse reactions, patient selection, 
and precautionary recommendations. 








Improving the safety profile 
in a broad spectrum of applications. 


D Less chemotoxicity than ionic contrast media.'® 
D Lower osmolality than conventional ionic media." 


D Minimal effect on key physiologic parameters": Well tolerated by 
most patients. 


[Less neurotoxic than conventional ionic media. 
D Few direct or indirect cardiovascular effects.7°7" 


ft Improved patient comfort: Fewer artifacts due to motion 
and swallowing. '®'® 


D Less potential for allergic reactions.” Since adverse 
reactions can occur with nonionic media, similar preparations 
to those recommended for ionic media should be planned 

to handle severe or potentially fatal reactions. 


Incidence of Adverse Reactions After Intravenous 


Injections Only, in Multicenter Clinical Trials * | 
LJ lohexol (n = 1,683 patients) 


| 3 1.25% E lonic Monomeric Media + 
Cardiovascular ł P<.0001 3.83% (n =1 358 patients) 


0.83% 
2 06% 


a 
= J 


Central nervous system+ P= 004 | 





Gastrointestinal 
(nausea, vomiting, taste) 


Skin P< 0001 
(flushing, urticaria, itching, exanthema) 


P<.0001 








'Diatrizoate meglumine 52%/sodium 8%; diatrizoate 


nero meglumine 66%/sodium 10%; iothalamate meglumine 
Respiratory P=.09 Fe ead 60%; ioxithalamate; ioglicinate; iodamide; metrizoate. 
M | - ` 0.18% 
uscular P>.1S | 0.22% Adapted from Dahlstrom et al.” 


ft Supplied in ready-to-use vials and bottles. No dilution or 
reconstitution necessary. 

















Product Size (mL/unit) Use 

OMNIPAQUE ® 180 (180 mgI/mL) 10 mL, 20 mL vials, Myelo-Kit™ | Lumbar, Thoracic, and CT Myelography 

OMNIPAQUE * 240 (240 mgI/mL) 10 mL, 100 mL vials, 200 mL bottle, Lumbar and Thoracic Myelography, 

Myelo-Kit | Peripheral Venography 

OMNIPAQUE * 300 (300 mgI/mL) 10 mL, 30 mL, 50 mL, 100 mL vials Urography, Cerebral Arteriography, 
Peripheral Arteriography, Peripheral 
Venography 

OMNIPAQUE ® 350 (350 mgI/mL) 50 mL, 100 mL vials, 200 mL bottle Angiocardiography, Urography, 
Peripheral Arteriography, |.V. Digital 
Subtraction Angiography 
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*See following pages for important product information concerning *In general, adverse reactions to the intravascular use of 
contraindications, warnings, adverse reactions, patient selection, OMNIPAQUE have been mild and of short duration. 
and precautionary recommendations. The general incidence of these occurrences following 


total intravascular use is slightly higher, as shown in the 
product information on the last page 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 

A SUMMARY FOLLOWS: 

OMNIPAQUE is a nonionic, water-soluble; radiographic contrast medium 
INDICATIONS AND USAGE: OMNIPAQUE is indicated in adults for angiocar- 
diography (ventriculography, selective coronary arteriography); aortography., 
including studies of the aortic root, aortic arch, ascending aorta, abdominal 
aorta, and its branches; cerebral arteriography; digital subtraction angiogra- 
phy; peripheral angiography including arteriography and venography 
(phlebography); excretory urography; and lumbar and thoracic myelography 
by conventional technique and in computerized tomography. 

Administration of contrast media should be performed by qualified personne! 
familiar with the procedure and an appropriate technique should be utilized 
CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients 
with a Known hypersensitivity to iohexol 

Lumbar puncture ordinarily should not be performed in the presence of local 
or systemic infection where bacteremia is likely. 

Intrathecal administration of corticosteroids with OMNIPAQUE is contra- 
indicated. 

Because of the possibility of overdosage, immediate repeat myelography in 
the event of technical failure is contraindicated (see DOSAGE AND 
ADMINISTRATION). 

WARNINGS— General: OMNIPAQUE should be used with extreme care in 
patients with severe functional disturbances of the liver and kidneys, severe 
thyrotoxicosis, or myelomatosis. Diabetics with a serum creatinine leve! above 
3 mg/dL should not be examined unless the possible benefits of the examina- 
tion clearly outweigh the additional risk. OMNIPAQUE is not recommended for 
use in patients with anuria 

Radiopaque contrast agents are potentially hazardous in patients with multi- 
ple myeloma or other paraproteinemia, particularly in those with therapeutically 
resistant anuria. Although neither the contrast agent nor dehydration has 
separately proven to be the cause of anuria in myeloma, it has been speculated 
that the combination of both may be causative factors. The risk in myelomatous 
patients is not a contraindication; however, special precautions are necessary 
Partial dehydration in the preparation of these patients prior to injection is not 
recommended since this may predispose the patient to precipitation of the 
myeloma protein in the renal tubules. No form of therapy, including dialysis, has 
been successful in reversing the effect. Myeloma, which occurs most commonly 
in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents 

lonic contrast media, when injected intravenously or intraarterially, may 
promote sickling in individuals who are homozygous for sickle cell disease 

Administration of radiopaque materials to patients known or suspected of 
having pheochromocytoma should be performed with extreme caution. If, in the 
opinion of the physician, the possible benefits of such procedures outweigh the 
considered risks, the procedures may be performed; however, the amount of 
radiopaque medium injected should be kept to an absolute minimum. The 
patient's blood pressure should be assessed throughout the procedure and 
measures for the treatment of hypertensive crisis should be readily available 

Reports of thyroid storm following the use of iodinated, ionic radiopaque 
contrast media in patients with hyperthyroidism or with autonomously function- 
ing thyroid nodule suggest that this additional risk be evaluated in such patients 
before use of any contrast medium. 

Urography should be performed with caution in patients with severely 
impaired renal function and patients with combined renal and hepatic disease 

Caution is advised in patients with a history of epilepsy, severe cardiovascular 
disease, chronic alcoholism, or multiple sclerosis. 

Elderly patients may present a greater risk following myelography. The need 
for the procedure in these patients should be evaluated carefully. Special 
attention must be paid to dose and concentration of the medium, hydration, and 
technique used 

Patients who are receiving anticonvulsants should be maintained on this 
therapy. Should a seizure occur, intravenous diazepam or phenobarbital sodium 
is recommended. In patients with a history of seizure activity who are not on 
anticonvulsant therapy, premedication with barbiturates should be considered 

Prophylactic anticonvulsant treatment with barbiturates should be considered 
in patients with evidence of inadvertent intracranial entry of a large or concen- 
trated bolus of the contrast medium since there may be an increased risk of 
seizure in such cases. 

Drugs which lower the seizure threshold, especially phenothiazine 
derivatives, including those used for their antihistamine properties, should not 
be used with OMNIPAQUE. Others include MAO inhibitors, tricyclic antidepres- 
sants, CNS stimulants, and psychoactive drugs described as analeptics, major 
tranquilizers, or antipsychotic drugs. Such medication should be discontinued 
at least 48 hours before myelography, should not be used for the contro! of 
nausea and vomiting, and should not be resumed for at least 24 hours 
postprocedure. 


OMNIPAQUE’ 


INJECTION (IOHEXOL) 


OMNIPAQUE® (iohexo! 





Care is required in patient management to prevent inadvertent intracranial 
entry of a large dose or concentrated bolus of the medium. Also, effort should 
be directed to avoid rapid dispersion of the medium causing inadvertent rise to 
intracranial levels (eg, by active patient movement) Direct intracisternal or 
ventricular administration for standard radiography (not CT) is not recom 
mended 

In most reported cases of major motor seizures with other nonionic myelo- 
graphic media, one or more of the following factors were present Therefore 
avoid: 

e Deviations from recommended procedure or in myelographic management 

e Use in patients with a history of epilepsy 

* Overdosage 

¢ Intracranial entry of a bolus or premature diffusion of a high concentration of 
the medium 

e Medication with neuroleptic drugs or phenothiazine antinauseant: 

e Failure to maintain elevation of the head during the procedure, on tt 
or in bed 

e Excessive and particularly active patient movement or straining 

If grossly bloody CSF is encountered, the possible benefits of a myelographic 
procedure should be considered in terms of the risk to the patient 


PRECAUTIONS—General: Diagnostic procedures which involve the use of 
radiopaque diagnostic agents should be carried out under the direction of 
personnel with the prerequisite training and with a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available 
for coping with any complication of the procedure, as well as for emergency 
treatment of severe reactions to the contrast agent itself. After parenteral 
administration of a radiopaque agent, competent personne! and emergency 
facilities should be available for at least 30 to 60 minutes since severe delayed 
reactions have occurred (see ADVERSE REACTIONS) 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease, diabetic patients, and in 
susceptible nondiabetic patients (often elderly with preexisting rena! disease) 
Dehydration in these patients seems to be enhanced by the osmotic diuretic 
action of urographic agents. It is believed that overnight fluid restriction prior to 
excretory urography generally does not provide better visualization in norma 
patients. Patients should be well hydrated prior to and following iohexol! 
administration 

In patients with severe renal insufficiency or failure, compensatory biliary 
excretion of the drug is anticipated to occur, with a slow clearance into the bile 
Patients with hepatorenal insufficiency should not be examined unless the 
possibility of benefit clearly outweighs the additional risk 

Acute renal failure has been reported in diabetic patients with diabetic 
nephropathy and in susceptible nondiabetic patients (often elderly with pre- 
existing renal disease) following excretory urography. Therefore, careful 
consideration of the potential risks should be given before performing this 
radiographic procedure in these patients 

Immediately following surgery, excretory urography should be used with 
caution in renal transplant recipients 

The possibility of a reaction, including serious, life-threatening, fatal, ana 
phylactoid, or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS). It is of utmost importance that a course of action be 
carefully planned in advance for immediate treatment of Serious reactions, and 
that adequate and appropriate personnel be readily available in case a severe 
reaction should occur 

The possibility of an idiosyncratic reaction in susceptible patients should 
always be considered (see ADVERSE REACTIONS). The susceptible population 
includes patients with a previous reaction to contrast media, patients with a 
known sensitivity to iodine per se, and patients with a known clinical hypersen 
sitivity: bronchial asthma, hay fever, and food allergies 

The occurrence of severe idiosyncratic reactions has prompted the use of 
several pretesting methods. However, pretesting cannot be relied upon to 
predict severe reactions and may itself be hazardous for the patient. It is 
suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast media, may be more 
accurate than pretesting in predicting potential adverse reactions 

A positive history of allergies or hypersensitivity does not arbitrarily contra 
indicate the use of a contrast agent where a diagnostic procedure is thought 
essential, but caution should be exercised (see ADVERSE REACTIONS) 
Premedication with antihistamines or corticosteroids to avoid or minimize 
possible allergic reactions in such patients should be considered Recent 
reports indicate that such pretreatment does not prevent serious life-threatening 
reactions, but may reduce both their incidence and severity 

Even though the osmolality of OMNIPAQUE is low compared to Giatrizoate- or 
iothalamate-based ionic agents of comparable iodine concentration, the poten 
tial transitory increase in the circulatory osmotic load in patients with congestive 
heart failure requires caution during injection. These patients should be ob- 
served for several hours following the procedure to detect delayed hemody- 
namic disturbances 

General anesthesia may be indicated in the performance of some procedures 
in selected adult patients; however, a higher incidence of adverse reactions has 
been reported in these patients, and may be attributable to the inability of the 
patient to identify untoward symptoms, or to the hypotensive effect of anesthesia 
which can reduce cardiac output and increase the duration of exposure to the 
contrast agent 

Angiography should be avoided whenever possible in patients witt 
homocystinuria, because of the risk of inducing thrombosis and embolism 
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In angiographic procedures, the possibility of dislodging plaques or damag 
ing or perforating the vessel wall should be borne in mind during the catheter 
manipulations and contrast medium injection Test injections to ensure proper 


catheter placement are recommended 

Selective coronary arteriography should be performed only in those patients 
in whom the expected benefits outweigh the potential risk. The inherent risks of 
angiocardiography in patients with chronic pulmonary emphysema must be 
weighed against the necessity for performing this procedure i 

Administration of contrast media should be performed by qualified personne! 
familiar with the procedure and appropriate patient management Sterile 
teçhnique must be used with any spinal puncture 

When OMNIPAQUE is to be injected using plastic disposable syringes, the 
contrast medium should be drawn into the syringe and used immediately 

If nondisposable equipment is used, scrupulous care should be taken to 
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prevent residual contamination with traces of cleansing agents. 
Parenteral products should be inspected visually for particulate matter and 
discoloration prior to administration. If particulate matter or discoloration is 


present, do not use. 
Repeat Procedures: If, in the clinical judgment of the physician, sequential or 


repeat subarachnoid examinations are required, a suitable interval of time 

between administrations should be observed to allow for normal clearance of 

the drug from the body. 

Information for Patients: Patients receiving injectable radiopaque diagnostic 

agents should be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, 
pheochromocytoma, homozygous sickle cell disease or known thyroid 
disorder (see WARNINGS). 

3. Inform your physician if you are allergic to any drugs, food, or if you had any 
reactions to previous injections of dyes used for x-ray procedures. 

4. Inform your physician about any other medications you are currently taking, 
including nonprescription drugs, before you are administered this drug. 

Drug/Laboratory Test Interaction: If iodine containing isotopes are to be 

administered for the diagnosis of thyroid disease, the iodine-binding capacity of 

thyroid tissue may be reduced for up to two weeks after contrast medium 
administration. Thyroid function tests which do not depend on iodine estimation, 
eg, T, resin uptake or direct thyroxin assays, are not affected. 

Drug Interactions: Drugs which lower the seizure threshold—especially phe- 

nothiazine derivatives including those used for their antihistaminic or antinause- 

ant properties—should not be used with OMNIPAQUE. Others include mono- 
amine oxidase (MAO) inhibitors, tricyclic antidepressants, CNS stimulants, 

and psychoactive drugs described as analeptics, major tranquilizers, or anti- 

psychotic drugs. Such medications should be discontinued at least 48 hours 

before myelography, should not be used for the control of nausea or vomiting 
during or after myelography, and should not be resumed for at least 24 hours 
postprocedure. In nonelective procedures in patients on these drugs, consider 
prophylactic use of anticonvulsants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal 

studies have been performed to evaluate the potential of iohexol in these areas. 

Pregnancy Category B: Reproduction studies have been performed in rats and 

rabbits with up to 100 times the recommended human dose. No evidence has 

been established of impaired fertility or harm to the fetus due to OMNIPAQUE;. 
there are, however, no studies in pregnant women. Because animal reproduction 
studies are not always predictive of human response, this drug should be used 
during pregnancy only if clearly indicated. 

Nursing Mothers: Caution should be exercised when OMNIPAQUE is admin- 

istered to a nursing woman; it is not known to what extent iohexol is excreted in 

human milk. , 

Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: 

intrathecal: Adverse reactions to the intrathecal use of OMNIPAQUE in general 
have been mild to moderate in degree, and of short duration. The incidence of 
these occurrences, based on clinical trials of 584 patients, is as follows: 

Headaches: The most frequently occurring adverse reaction following myelog- 
raphy with OMNIPAQUE has been headache, with an incidence of less than 
20%. Headache may be caused either as a direct effect of the contrast medium 
or by CSF leakage at the dural puncture site. However, in managing the patient, 
it is considered more important to minimize intracranial entry of contrast 
mean by postural management than to attempt to control possible CSF 
eakage. i 

Pain: Mild pain including backache, stiffness, and neuralgia occurred follow- 
ing injection with an incidence of about 8%. i 

Nausea and Vomiting: Nausea was reported, with an incidence of about 6%, 
and vomiting of about 3% (based on clinical trials of 584 patients—see PATIENT 
MANAGEMENT). Maintaining normal hydration is very important. The use of 
phenothiazine antinauseants is contraindicated. Reassuring the patient that the 
nausea will clear is usually all that is required. 

Dizziness: Transient dizziness was reported in about 2% of the patients. 

Other Reactions: Other reactions, occurring with an individual incidence of 
less than 0.1%, included feeling of heaviness, hypotension, hypertonia, sensa- 
tion of heat, sweating, vertigo, and loss of appetite. All were transient and mild, 
with no clinical sequelae. 

General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrence of adverse effects in addition to those discussed above, 
particularly those already reported in the literature for other nonionic, water- 
soluble myelographic contrast media. These have included but are not limited to 
aseptic and bacterial meningitis, and CNS and other neurologic disturbances. 
Intravascular: Adverse reactions to the intravascular use of OMNIPAQUE have 
usually been of mild to moderate severity. However, serious, life-threatening and 
fatal reactions, mostly of cardiovascular origin, have been associated with the 
administration of iodine-containing contrast media, including OMNIPAQUE. The 
injection of contrast media is frequently associated with the sensation of warmth 
and pain, especially in peripheral angiography; pain and warmth are less 
frequent and less severe with OMNIPAQUE than with many ionic media, but 
lower osmolality media are similar in this respect. The incidence of these 
occurrences in clinical trials is as follows: 

Cardiovascular System: Arrhythmias including PVCs and PACs (3%), an- 
gina/chest pain (2%), and hypotension (1%). Others including cardiac failure, 
asystole, bradycardia, tachycardia; and vasovagal reaction were reported with 
an individual incidence of less than 0.8%. In controlled clinical studies involving 
900 patients, one fatality occurred. In widespread clinical use, the incidence of 
fatality is estimated at 0.0003%. 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic 
taste (0.8%). Others including anxiety, blurred vision, dizziness, fever, motor and 
speech dysfunction, convulsion, light-headedness, paresthesia, somnolence, 
vertigo, stiff neck, hemiparesis, and nystagmus were reported, with an individu- 
al incidence of less than 0.3%. 

Respiratory System: Dyspnea, laryngitis, and throat irritation, with an individu- 
al incidence of 0.1%. => 

Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including 
diarrhea, dyspepsia, and dry mouth were reported, with an individual incidence 
of 0.1%. , Do a 
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Skin and Appendages: Urticaria (0.3%) and purpura (0.1%). 

Individual adverse reactions which occurred to a significantly greater extent 
for a specific procedure are listed under that indication. 

General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrence of adverse effects in addition to those discussed above. The 
following reactions have been reported after administration of other intravascular 
iodinated contrast media. Reactions due to technique: hematomas and ecchy- 
moses. Hemodynamic reactions: vein cramp and thrombophlebitis following 
intravenous injection. Cardiovascular reactions: rare cases of cardiac arrhyth- 
mias, reflex tachycardia, chest pain, cyanosis, hypertension, hypotension, 
peripheral vasodilatation, shock, and cardiac arrest. Renal reactions: occasion- 
ally, transient proteinuria, and rarely, oliguria or anuria. Allergic reactions: 
Asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing and 
lacrimation and, rarely, anaphylactic reactions. Rare fatalities have occurred, 
due to this or unknown causes. Signs and symptoms related to the respiratory 
system: pulmonary or laryngeal edema, bronchospasm, dyspnea; or to the 
nervous system: restlessness, tremors, convulsions. Other reactions: flushing, 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, 
pallor, weakness, sweating, localized areas of edema, especially facial cramps, 
neutropenia, and dizziness. Rarely, immediate or delayed rigors can occur, 
sometimes accompanied by hyperpyrexia. Infrequently, “iodism” (salivary gland 
swelling) from organic iodinated compounds appears two days after exposure 
and subsides by the sixth day. 

CONSULT PACKAGE INSERT FOR A MORE DETAILED DISCUSSION OF 
ADVERSE REACTIONS to both intrathecal and intravascular use of 
OMNIPAQUE. 

DOSAGE AND ADMINISTRATION: CONSULT FULL PACKAGE INSERT 
BEFORE USE. Details on dose, concentration, and administration are provided 
for each of the indicated procedures. 

HOW SUPPLIED: OMNIPAQUE is available in the following packaging and 
concentrations, requiring no dilutions or reconstitution: 

Vials of 10 mL, 180 mglI/mL, boxes of 10 (NDC 0024-1411-10) 

Vials of 20 mL, 180 mgI/mL, boxes of 10 (NDC 0024-141 r30 

Vials of 10 mL, 240 mgI/mL, boxes of 10 (NDC 0024-1412-10 

Vials of 100 mL, 240 mgI/mL, boxes of 5 (NDC 0024-1412-15) 

Bottles of 200 mL, 240 mgI/mL, boxes of 5 (NDC 0024-1412-25) 

Vials of 10 mL, 300 mglI/mL, boxes of 10.(NDC 0024-1413-10) 

Vials of 30 mL, 300 mgI/mL, boxes of 10 (NDC 0024-1413-30 

Vials of 50 mL, 300 mgI/mL, boxes of 10 (NDC 0024-1413-50 

Vials of 100 mL, 300 mgI/mL, boxes of 5 (NDC 0024-1413-15 

Vials of 50 mL, 350 mgI/mL, boxes of 10 (NDC 0024-1414-50 

Vials of 100 mL, 350 mgI/mL, boxes of 5 (NDC 0024-1414-15 

Bottles of 200 mL, 350 mgI/mL, boxes of 5 (NDC 0024-1414-25) 
MYELO-KIT™ containing: One vial of 10 mL, 180 mgI/mL, and one sterile 
myelogram tray, boxes of 5 (NDC 0024-1411-05) 

MYELO-KIT™ containing: One vial of 20 mL, 180 mgI/mL, and one sterile 
myelogram tray, boxes of 5 (NDC 0024-1411-51) 

MYELO-KIT™ containing: One vial of 10 mL, 240 mgI/mL, and one sterile 
myelogram tray, boxes of 5 (NDC 0024-1412-05) 
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Vascular Complications 
After Liver Transplantation: 
A 5-Year Experience 





During the past 5 years, 104 angiographic studies were performed in 87 patients (45 
children and 42 adults) with 92 transplanted livers for evaluation of possible vascular 
complications. Seventy percent of the studies were abnormal. Hepatic artery thrombosis 
was the most common complication (seen in 42% of children studied, compared with 
only 12% of adults) and was a major complication that frequently resulted in graft failure, 
usually necessitating retransplantation. In six children, reconstitution of the intrahepatic 
arteries by collaterals was seen. Three survived without retransplant. Arterial stenosis 
at the anastomosis or in the donor hepatic artery was observed in 11% of patients. 
Portal vein thrombosis or stenosis occurred in 13% of patients. Two children and one 
adult with portal vein thrombosis demonstrated hepatopetal collaterals that reconstituted 
the intrahepatic portal vessels. Uncommon complications included anastomotic and 
donor hepatic artery pseudoaneurysms, a hepatic artery—dissecting aneurysm, pancre- 
aticoduodenal mycotic aneurysms, hepatic artery—portal vein fistula, biliary—porta! vein 
fistula, hepatic vein occlusion, and inferior vena cava thrombosis. 


Liver transplantation, once an experimental procedure, has become an accepted 
therapy for end-stage liver disease in both adults and children. With the advent of 
cyclosporine, 1-year survival rates have steadily risen from 50% in 1980 to 80% in 
1984 [1]. Most mortality occurs in the first 6 months after transplant. Four-year 
survival is 75% in children (< 18 years old) and 50% in adult patients, reflecting 
the poorer first-year statistics of 4 years ago [1]. Most patients enjoy a satisfactory 
quality of life after transplantation [1-4]. 

The number of centers performing liver transplants has increased to 11 in the 
United States and nine in Europe, with a combined total of 992 recipients by June 
1984 [1]. Two key ingredients to widespread liver transplantation, immunosuppres- 
sion with cyclosporine and training of multiple-organ harvest and implantation 
teams, are quite recent (since 1980 and 1982, respectively). As surgical skill 
advances and diffuses throughout the medical world, liver transplants will become 
increasingly common [2, 4-6]. During 1985, 250 liver transplants were performed 
at our institution. 

A vascular complication is a primary diagnostic consideration in the liver-trans- 
plant patient with fulminant hepatic failure, bile leak, relapsing bacteremia, gastroin- 
testinal or abdominal bleeding, or hemobilia. Angiography is the test of choice in 
the evaluation of possible vascular complications. We report our 5-year experience 
with the angiographic diagnosis and the clinical outcome of patients with vascular 
complications after liver transplantation. 


Materials and Methods 


During the 5-year period ending December 1985, 477 patients received 625 liver transplants 
at the University of Pittsburgh Health Center (Table 1). The four leading indications were 
cirrhosis, biliary atresia, primary biliary cirrhosis, and inborn metabolic errors. Few transplants 
were for primary liver tumors [1]. The principle indications for retransplantation were rejection, 
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TABLE 1: Liver Transplants and Posttransplant Angiography 
Performed During the 5-Year Period® 





. Posttransplant 
Liver gt 
Transplants E phy 
Total patients 477 87 (18) 
Children (=18 years old) 204 45 (22) 
Adults (>18 years old) 273 42 (15) 
Retransplants 148 12 (8) 
Children 70 9 (13) 
Adults 78 3 (4) 
Total transplanted livers 625 92 (15) 
Female: male 1:0.8 1:0.85 





* Ending December 1985. 
> Expressed as a total number and as a percentage of the number of liver transplants 
for each category. 


technical failures, and primary graft nonfunction [5]. 

All posthepatic transplant angiograms performed at our institution 
during the past 5 years were analyzed retrospectively. Adults (> 18 
years old) and children were grouped separately because complica- 
tions and prognoses for the two groups are different; children com- 
monly fare better [1]. One hundred four angiographic studies were 
performed in 87 patients (42 adults and 45 children) with 92 homograft 
livers; five children studied had two different transplants. The group 
included 40 males and 47 females, ranging in age from 4 months to 
62 years old. Fifteen patients were studied twice, and one patient 
was studied three times. In 12 patients, the liver represented a 
retransplant. In one of the 12, the liver was a third transplant. Studies 
were performed from 2 days to more than 11 years after transplant. 


‘Seventy-seven studies (74%) were performed within the first 2 


months after transplant. 

All studies were performed by conventional angiographic tech- 
niques. Adult patients were only lightly sedated. Patients under 12 
years old were evaluated under general anesthesia. All angiograms 
were performed from the femoral artery, except that the left axillary 
artery was used in one patient with bilateral external iliac artery 
occlusion. An aortogram was performed in 30 cases. Selective cath- 
eterization for evaluation of the hepatic artery or portal vein was 
performed in 82 cases. In general, angiography was performed on a 
semiemergent basis, within 4 to 24 hr of the clinical request. Perform- 
ing the study on an emergent basis (within 2 hr) was rarely necessary. 

in all but one patient, liver transplantation was orthotopic (ie., the 
donor liver anatomically replaced the recipient's organ). in the single 


heterotopic transplant, an auxiliary liver was placed in the right lower — 


abdomen in a patient with situs inversus and polysplenia. 

In most patients, hepatic artery revascularization consisted of an 
end-to-end. anastomosis between the donor celiac and recipient 
common hepatic artery. With anomalies of hepatic arterial supply, 
techniques were employed to create a single hepatic arterial pedicle 
[1, 7, 8]. Use of the donor’s aorta or iliac artery for an arterial graft 
was more commonly necessary in children than in adults [8]. The 
donor and recipient extrahepatic portal veins were usually anasto- 
mosed end-to-end, except in a few patients with an abnormally small 
or occluded portal vein, for whom revascularization was performed 
with a venous homograft from the donor’s vena cava, iliac vein, or 
pulmonary vein [9]. For the inferior vena cava, the infra- and supra- 
hepatic vena cava segments of the donor were anastomosed end- 
to-end to the respective vessels of the recipient. 


Results 


All patients in this study were arbitrarily numbered from 1 


through 47 with letters to designate separate livers where 


WOZNEY ET AL. 


-AJR:147, October 1986 


TABLE 2: Vascular Complications After Liver Transplantation in 
87 Patients with 92 Allografts i 





Children Adults 


Normal 12 16 
Hepatic artery 
Complete occlusion 
Branch artery occlusion 
Stenosis 
Portal vein 
Occlusion 
Stenosis 
Miscellaneous findings 
Pseudoaneurysm 
Dissecting aneurysm 
Mycotic aneurysms 
Inferior vena cava occlusion 
Hepatic vein occlusion 
Hepatic artery—portal vein fistula 
External iliac artery occlusion 
Biliary—portal vein fistula 
Possible rejection 
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applicable. Throughout the Results and Discussion sections 
these numbers are used for easy reference to Figures 1, 5, 
and 6. Sixty-four (70%) of the 92 homografts studied were 
abnormal (Table 2). 


‘Hepatic Artery Complications 


The most frequently encountered complication was hepatic 
artery thrombosis, which occurred in 21 (42%) of 50 pediatric 
grafts (Fig. 1A), compared with only 5 (12%) of 42 adult grafts 
(Fig. 1B). Hepatic artery thrombosis was diagnosed from 5 
days to 3 months after transplantation. All adults with com- 
plete hepatic arterial occlusion required immediate retrans- 
plantation, within days (Fig. 1B). However, five (24%) children 
(cases 2, 4a, 5, 6, 7) survived without retranspiant, with 
follow-up from 3 to 42 months. In three of the five, hepatopetal 
arterial collaterals were demonstrated (Fig. 2). An additional 
three organs (cases 8, 9a, 12b) were retransplanted 2 to 5 
months after hepatic artery thrombosis. Most children, how- 
ever, required immediate retransplant. Intraarterial thrombol- 
ytic therapy with streptokinase was employed in one patient 
(case 32), without success. 

In one child (case 12b) with hepatic artery occlusion, an 
intrahepatic biloma developed and was treated by percuta- 
neous drainage. This revealed a biliary—portal vein fistula (Fig. 
3). Conservative treatment resulted in fistula resolution, allow- 
ing retransplant 1 month later when a suitable donor became 
available. 

Isolated occlusion of the right hepatic artery was seen in 
two patients (cases 11 and 33). Both showed intrahepatic 
collaterals (Fig. 4A) and had a benign clinical course. One of 
these, the child with the auxiliary graft (case 11), required 
retransplant 6 months later for chronic rejection. The other 
patient (case 33) demonstrated a right lobe infarct on CT (Fig. 
4B). Treatment was conservative, and the patient was asymp- 
tomatic 6 weeks later. 

Arterial stenosis occurred in 10 patients (Figs. 1A and 1B). 
In three children and four adults the stenosis was at the 
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Fig. 1.—Hepatic artery complications in liver 
transplants. A, Children. B, Adults. Placement of 
circles indicates time of angiographic study after 
transplant. Patients are numbered consecutively, 
with letters indicating separate transplanted livers. 
Numbers refer to case numbers in Results and 
Discussion sections. Numbers followed by M are 


number of months (e.g., 8M = 8 months). 


Patient 


























Adults 


Children 





O = stenosis 

@ = branch artery occlusion 

19 R @ = occlusion 

20a R * = hepatopetal arterial collaterals 
21 R A = alive (months post-transplant) 

22 R R = retransplant 


4 1 ¢ 3 


Time of : 
Transplant Months After Transplant 
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Time of 


Transplant Months After Transplant 


A B 





Fig. 2.—Collateral circulation after hepatic ar- 
tery thrombosis. Extensive arterial collaterals (ar- 
rows), which reconstitute intrahepatic arteries 
(arrowheads), are demonstrated on selective su- 
perior mesenteric arteriogram 2 months after 
transplant. 


Fig. 4.—Branch hepatic artery occlusion. A, Oc- 
clusion of proximal right hepatic artery (arrow) is 
seen on celiac arteriogram 3 weeks after transplant. 
The peripheral branches (arrowheads) are recon- 
stituted by intrahepatic collaterals. B, Probable right 
hepatic lobe infarct (arrows) seen on abdominal CT 


performed the same day. 


Fig. 3.—Biliary—portal vein fistula in a 1-year-old girl with hepatic artery thrombosis and recurrent intermittent 
sepsis. A, Large intrahepatic fluid collection (arrow) is seen on CT 2 months after transplant. B, A biloma 
(arrows) communicating with intrahepatic portal veins is demonstrated after percutaneous drainage 
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anastomosis. One child with arterial stenosis (case 2) later 
demonstrated thrombosis. All three children survived without 
retransplant. In one adult with an anastomotic stenosis (case 
23), a follow-up angiogram 5 months later showed almost 
complete resolution. A second adult patient (case 26) under- 
went balloon angioplasty but required retransplant for chronic 
rejection 4 months later. At surgery the hepatic artery was 
patent. A third adult with a severe anastomotic stenosis (case 
27) developed a hepatic abscess and died during retransplant. 
Presumably the stenosis had progressed to occlusion. In the 
fourth adult (case 28), an anastomotic stenosis progressed 
to occlusion after 14 days, and retransplantation was re- 
quired. 

Stenosis within the donor right hepatic artery was seen in 
two adults. In one (case 24) the stenosis was an incidental 
finding. The second patient (case 34) required retransplant 3 
days later for acute rejection. In one adult (case 25) a kink 
was seen in the hepatic artery near the anastomosis. At 
surgery for revision of the biliary anastomosis the next day, 
the hepatic arterial pulse was strong. The vessel was straight- 
ened but the kink was not thought to be hemodynamically 
significant. The patient was asymptomatic 1 year later. 


Portal Vein Complications 


Portal vein thrombosis developed in three children and two 
adults (Fig. 5). All demonstrated evidence of portal hyperten- 
sion with massive gastroesophageal varices. Retransplanta- 
tion was required in one child (case 39). In the other two 
children (cases 37 and 38), portal vein occlusion was diag- 
nosed 1 year after transplantation. Massive hepatopetal ve- 
nous collaterals had reconstituted the intrahepatic portal 
veins. Both patients were treated with endoscopic esophageal 
sclerotherapy although one eventually required a distal sple- 
norenal shunt for control of portal hypertension. One aduit 
also developed hepatopetal collaterals (case 41), and retrans- 
plantation was required for chronic rejection. 

Portal vein stenosis at the anastomosis was observed in 
five children and one adult from 4 days to 8 months after 
transplantation (Fig. 5). Four presented with upper gastroin- 





Months After Transplant 
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Fig. 5.—Portal vein complications in liver trans- 
plants. Placement of circles indicates time of an- 
giographic study after transplant. Numbers fol- 
lowed by M or Y are number of months or years 
(e.g., 30M = 30 months). 


Fig. 6.—Miscelianeous vascular complications 
in liver transplants. PA = pseudoaneurysm, IVO 
= inferior vena cava occlusion, HVO = hepatic 
vein occlusion, EIO = external iliac artery occlu- 
sion, BPF = biliary—portal vein fistula, HPF = 
hepatic artery—portal vein fistula, MA = mycotic 
aneurysms. Numbers followed by M are number 
of months (e.g., 7M = 7 months). 


A = alive (months post-transplant) 
E“= expired 
R = retransplant 


testinal tract bleeding from gastroesophageal varices. In the 
other two (cases 5 and 35), portal vein stenosis was an 
incidental finding. Varices were not present. 


Miscellaneous Vascular Complications 


Pseudoaneurysms occurred in two patients (Figs. 6 and 7), 
and a dissecting aneurysm occurred in one (Fig. 8). In one 
adult (case 45), abdominal CT for back pain demonstrated an 
aneurysm adjacent to the abdominal aorta. At angiography, 
this proved to be an anastomotic pseudoaneurysm. The 
patient underwent successful revision of the anastomosis. In 
one child (case 43) angiography was performed for possible 
hepatic artery thrombosis. A pseudoaneurysm of a branch of 
the right hepatic artery and a large intrahepatic hematoma 
were demonstrated (Fig. 7). A hemorrhagic right-lobe infarct 
was found at surgery. A right hepatic lobectomy was per- 
formed. In another child (case 20b), sonography and CT 
revealed a possible infarct in the posterior right lobe of the 
liver, indicating possible hepatic artery thrombosis. Angiog- 
raphy revealed a large aneurysm (Fig. 8), which in retrospect 
was evident on the CT study. At surgery a 4-cm dissecting 
aneurysm of an aortic graft was resected and a new arterial 
graft was placed. 

In one patient, abdominal CT was obtained because of an 
acute decrease in hematocrit. CT demonstrated evidence of 
intraabdominal hemorrhage that appeared to arise from the 
proximal anastomosis of an aortic graft (Fig. 9). Angiography 
was performed to evaluate for a pseudoaneurysm, but the 
study was normal. Hemorrhage that originated from the an- 
astomosis was found at surgery. 

Unusual complications (Fig. 6) included an adult (case 47) 
with aneurysms in pancreaticoduodenal arterial collaterals 
that at laparotomy proved to be mycotic in origin. Progressive 
hemorrhage resulted in death within 6 days. Another adult 
(case 46) developed a hepatic artery—portal vein fistula, prob- 
ably secondary to needle biopsy. This was an incidental 
finding, with no clinical sequelae. One child (case 9b) devel- 
oped bilateral external iliac thrombosis, which was initially 
thought to be secondary to thrombosis of an aortic graft with 
embolization to the iliac arteries. Angiography confirmed oc- 
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Fig. 7.—Pseudoaneurysm (curved arrow) with 
large right-hepatic-lobe hematoma (straight arrows) 
seen on hepatic arteriogram 7 weeks after trans- 


clusion of the iliac arteries but the graft was patent. The iliac 
occlusion was attributed to previous indwelling femoral cath- 
eters. A second child (case 39) developed inferior vena cava 
thrombosis and portal vein occlusion, and retransplantation 
was done the next day. In a third child (case 44), attenuation 
of the intrahepatic arteries and late portal venous filling were 
seen on hepatic angiography. The angiographic impression 
was rejection and hepatic venous occlusion. At retransplant 
the next day, the large hepatic veins were patent. However, 
histologic evaluation showed central venous endophlebitis 
with necrosis and occlusion. Indications of rejection were also 
present. 

In 18 studies, intrahepatic arterial attenuation and narrow- 
ing or decreased flow was seen, suggesting rejection. Be- 
cause the diagnosis of rejection is complex [10, 11], these 
studies are being analyzed separately and are excluded from 
the present discussion. 


Discussion 


By far the most common and most significant complication 
diagnosed at angiography was hepatic artery thrombosis. It 
was seen in 42% of pediatric and 12% of adult angiographic 
studies. The overall prevalence in all liver transplants at our 
center was 3% of adults and 12% of children between March 
1980 and June 1984 [12, 13]. Only 25% were diagnosed by 
angiography. The remainder were diagnosed during retrans- 
plant, exploratory laparotomy, or autopsy. With retransplant 
the mortality was 27%, while without retransplant the mor- 
tality was 73% [13]. Only pediatric patients have survived 
without retransplantation. 

The pathophysiology is often difficult to deduce, because 
biopsy is not available in all patients. Hepatectomy specimens 
(at retransplant) frequently are not intact, while autopsy spec- 


Fig. 8.—Large aneurysm (curved arrow) just 
beyond proximal anastomosis (straight arrow) of 
aortic graft with preservation of distal arterial flow 
plant. (small arrows) demonstrated on angiogram 3 
months after transplant. Surgery showed this to be 
a dissecting aneurysm starting at proximal anasto- 
mosis of graft. 
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Fig. 9.—Paraaortic (arrow) and retroperitoneal 
(arrowheads) hematoma originating from proximal 
anastomosis of aortic graft seen on nonenhanced 
abdominal CT scan 1 week after transplant. An- 
giography was normal. 


imens are complicated by supervening factors, such as sep- 
sis, extensive hemorrhage, and hypotension. A clear cause 
was identified in only three (14%) of 22 cases recently re- 
viewed at our institution [13]. Certain risk factors are, how- 
ever, clear. Patients at increased risk include children and 
those requiring complex vascular reconstruction, either be- 
cause of multiple arterial supply to the liver or because of the 
small size of donor and recipient vessels [3, 13]. 

Rejection probably plays a role in hepatic artery thrombosis 
in some cases. Liver biopsies or pathologic material obtained 
within 1 week of the angiogram were only available in 10 of 
the 26 cases of hepatic artery thrombosis. One sample 
showed no rejection, four showed mild rejection, while 
marked rejection was seen in five. Arterial lesions of rejection 
are said to be more evident in medium-sized hepatic vessels 
[10]. In chronic rejection, there is deposition of subintimal 
foam cells, myointimal hyperplasia, and intimal sclerosis [10]. 
The end result is progressive arterial narrowing and slow flow, 
with subsequent thrombosis. 

Other potential causes for hepatic artery occlusion are 
speculative. Thrombosis may be related to turbulent flow at 
difficult anastomoses. In three cases infection may have been 
the cause. In two other patients (cases 2 and 28) stenosis 
progressed to occlusion. Stenosis probably resulted in slow 
flow with subsequent thrombosis. 

Clinically, hepatic artery thrombosis presents in three forms 
with equal frequency [12, 13]. Massive hepatic necrosis is a 
dramatic clinical emergency, requiring rapid retransplantation 
for survival. A second presentation is delayed biliary leak seen 
in 7 (32%) of 22 patients with thrombosis [13]. After trans- 
plantation, the donor bile duct is entirely dependent on hepatic 
arterial blood supply, usually the right. Occlusion may result 
in bile-duct ischemia and necrosis. In our series, five children 
(cases 6, 8, 9a, 10, 12b) with hepatic artery thrombosis had 
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intrahepatic bilomas (Fig. 3), presumably due to bile-duct 
necrosis. All but one required retransplantation. A third pres- 
entation is intermittent episodes of sepsis without an evident 
source, probably caused by focal abscesses within infarcted 
areas of the liver. In these patients, evaluation with CT or 
sonography may demonstrate bilomas, infarcts, or ab- 
scesses, suggesting arterial occlusion [14]. Eighty-six percent 
of transplant patients with hepatic abscesses or infarcts seen 
with CT or sonography had hepatic artery thrombosis [15]. 

Although graft function is usually poor enough to warrant 
retransplant, the prognosis is not inevitably grim. The patient's 
clinical condition dictates management, and if liver function is 
stable, retransplant is postponed. As Figure 1A illustrates, 
24% of children with hepatic artery thrombosis survived with- 
out retransplantation. This probably is a manifestation of the 
ability of the liver to recruit collateral arterial supply (Fig. 2). 
Collaterals were demonstrated in three cases within 2 weeks 
of transplant, and, if we judge by patient survival, an additional 
three patients probably also developed collaterals within 2 
weeks of transplant. Three other patients developed collat- 
erals within 3 months of transplant, making a total of nine 
(43%) of 21 pediatric arterial occlusions. 

Collateral development is clearly a characteristic of the 
immediate posttransplant period. The source of these collat- 
erais was from the superior mesenteric artery (two cases) 
(Fig. 2), superior mesenteric and splenic arteries (one case), 
and right inferior phrenic artery (one case). Surgery has shown 


that collaterals supply the liver from adhesions to the dia- 


phragm, omentum, and bowel [5]. 

The presence of collaterals has significant implications for 
survival and for surgical blood loss. Half of the patients with 
collaterals ultimately did not require retransplant, and in an 
additional patient who did require retransplant for a hilar 
abscess, the liver was considered viable at surgery. All adult 
patients with complete arterial thrombosis ultimately required 
retransplant, and in none of them were collaterals observed. 
Surgical blood loss during retransplantation is usually half that 
of the first transplant, but with collaterals, blood loss typically 
exceeds the first transplant by a factor of three or more. Thus 
the actual blood loss at retransplantation may be sixfoid or 
higher, information of significant interest to the surgical team 
as well as to the blood bank [5]. Actuarial survival after 
retransplant is lower than for primary transplants. Four-year 
survival is 60% in children and 40% in adults [5]. Our study 
population was similar. Eight (67%) of 14 children and one 
(25%) of four adults survived after retransplantation. 

Extrahepatic portal vein complications were unusual, con- 
stituting six cases of stenosis and five of thrombosis over the 
past 5 years (Fig. 5). Potential causes include surgical tech- 
nique, misalignment or excessive vessel length, hypercoagu- 
lable states, thrombus formation from the portal venous by- 
pass cannula used at transplantation, and previous portal vein 
surgery (R. D. Gordon, unpublished data). Although occasion- 
ally diagnosed incidentally, most portal vein complications 
were accompanied by symptoms of portal hypertension (i.e., 
varices and upper gastrointestinal hemorrhage). Presentation 
of these symptoms warrants angiography to evaluate the 
portal venous system. Other clinical presentations include 
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hepatic failure, intestinal swelling, and massive ascites (R. D. 
Gordon, unpublished data). In most of our patients, treatment 
consisted of endoscopic sclerotherapy for esophageal var- 
ices, although one eventually required a splenorenal shunt 
and one patient required retransplantation. 

Three of the five cases of portal vein thrombosis demon- 
strated massive hepatopetal venous collaterals that reconsti- 
tuted the intrahepatic portal veins. Angiographically, the ap- 
pearance was similar to cavernous transformation of the 
portal vein [16]. The mechanism by which these collaterals 
develop a communication with the intrahepatic vessels is 
unknown. However, they must arise de novo, since all poten- 
tial collateral communications are severed at transplantation. 

Occlusion of the inferior vena cava or hepatic veins was 
rare. This contrasts with a recent series of 18 posttransplant 
studies in which thrombosis was as common in the vena cava 
as in the hepatic artery [11]. in the same series, arteriovenous 
fistulae after biopsy were demonstrated twice and thought to 
compromise the graft. Despite frequent percutaneous trans- 
hepatic intervention [17], including cholangiography, biliary 
drainage, and biopsy during the past 5 years, we have seen 
only two procedure-related vascular complications. One case 
(case 46) was an incidental finding of a hepatic artery—portal 
vein fistula. The other case (case 43) was an intrahepatic 
pseudoaneurysm with an infarct (Fig. 7). Both were secondary 
to biopsy. 

During the past 5 years, angiography has been the principle 
technique for the evaluation of possible vascular complica- 
tions after liver transplantation. CT (even with bolus tech- 
nique), radionuclide scanning, and real-time sonography have 
all been disappointing in patency evaluation. CT and sonog- 
raphy, however, are valuable in identifying abscesses, bilo- 
mas, and hematomas that may result from vascular compli- 
cations. CT has been the most useful study for evaluation of 
possible hepatic infarction after transplant [14]. The identifi- 
cation of pseudoaneurysms may be difficult. CT and sonog- 
raphy both have definite roles in addition to angiography (Fig. 
9). 
Since 1984, we have increasingly employed duplex sonog- 
raphy (combined real-time and pulsed Doppler) for evaluation 
of suspected hepatic arterial thrombosis after transplant. In 
29 cases, duplex sonography correctly diagnosed thrombosis 
in eight and patency in 21 [15]. These encouraging results 
have led the transplant team to commonly request duplex 
sonography to screen for hepatic artery thrombosis. This has 
resuited in some decrease in angiography. 

The practical treatment of end-stage liver disease with 
homograft liver transplant is quite new, dating from the avail- 
ability of cyclosporine in 1980 [1~-4, 6]. Surgical technique 
and intra- and postoperative management of transplant pa- 
tients are still evolving [1, 4]. Our results cover the first 5 
years of the cyclosporine era. As surgical and medical man- 
agement evolves, the vascular complications observed as 
well as the clinical outcome may change. 
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American Roentgen Ray Society 87th Annual Meeting 
April 26-May 1, 1987, Miami Beach, FL 


Fontainebleau-Hilton Hotel 


Registration and Hotel Reservations 


Forms for advance registration and hotel reservations will be in the 
January and February 1987 issues of the AJA. 


Refresher Course Program 


A summary of the refresher courses will appear in the AJA in 
January along with advance registration forms. Early registration is 
an advantage in assuring preferred courses in this popular program. 
- Dr. J. T. Ferruci, Jr. is program director. 


Local Program 


A program of sightseeing, shopping, and entertainment will be 
developed by the Local Arrangements Chairman. Information and 
advance registration forms will be in the January and February issues 
of the AJR. 


President’s Award Papers 


The society offers several cash awards for the best scientific 

' papers prepared by residents in radiology. The President's Award 

has a $1000 prize. There are two Executive Council awards of $500 

each. All are presented at the annual meeting. Papers should be 

submitted by Jan. 31 for consideration in this competition. Send 
entries to: 

B. G. Brogdon, M.D. 

Dept. of Radiology 

University of South Alabama Medical Center 

2451 Fillingim Street 

Mobile, AL 36617 


ARRS Membership Requirements 


The American Roentgen Ray Society (ARRS) has two membership 
categories: active and in-training. For active membership, applicants 
must practice radiology in the U.S. or Canada. Each must have 
graduated in good standing from an approved medical school! or hold 
an advanced degree in physical, chemical, or biological science and 
be certified by the American Board of Radiology, the Royal College 
of Physicians and Surgeons of Canada, or otherwise adequately 
document training and credentials. 

A member-in-training must be in a radiology residency or postres- 
idency fellowship program or be a postgraduate student in an allied 


. science. Status must be verified by the program director. 


For consideration during the 1987 ARRS meeting, completed 
applications must be received no later than Feb. 1. Obtain forms and 
details from: 

Rosalind H. Troupin, M.D. 
Department of Radiology 

Hospital of University of Pennsylvania 
3400 Spruce St. 

Philadelphia, PA 19104 


Associated Society Meetings 


Society for Pediatric Radiology ang European Society of Pe- 
diatric Radiology 

The inaugural conjoint International Pediatric Radiology '87 meet- 
ing will meet May 30-—June 4, 1987 at the Westin Hotel, Toronto, 
Ontario, Canada. Deadline for receipt of abstracts is February 1, 
1987. For details contact: Donald R. Kirks, M.D., Secretary, Society 
for Pediatric Radiology, c/o Dept. of Radiology, Childrens Hospital 
Medical Center, Elland and pea Aves., Cincinnati, OH 45229, 
(513) 559-4880 


Deadlines 


President’s Award papers: January 31 
Membership applications February 1 
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Monitoring Hepatic 
Cryosurgery with 
Sonography 





The intraoperative sonographic appearance of frozen hepatic tumors and frozen 
normal liver was correlated with the histologic appearance of pathologic specimens 
from six patients. Frozen tissue was visualized as a hyperechoic rim with posterior 
acoustic shadowing. Normal liver that was frozen and then thawed appeared hypoechoic 
when compared with normal unfrozen liver. These findings allowed visualization of the 
extent of freezing in relation to tumor margins. Pathologically, frozen tumors showed 
definite evidence of necrosis. Normal liver tissue was extremely sensitive to cold and 
was completely necrotic after freezing. The sonographic appearance of frozen and 
thawed liver correlated precisely with the gross morphologic and histologic changes 
seen in the cryolesion. it appears that intraoperative sonography allows accurate 
monitoring of hepatic cryosurgery. 


Cryosurgery, the in situ destruction of tissue by means of subzero temperatures, 
has been suggested for the treatment of hepatic malignancies that are unresectable 
by traditional surgery [1]. Because the tumor is not resected, larger amounts of 
normal liver surrounding the malignancy can be saved, and therefore more than 
one hepatic segment can be treated. Although techniques for hepatic freezing have 
been investigated in animals, a major drawback to its use in patients has been the 
inability to monitor the freezing process. 

Previous in vitro studies have shown that the freezing process can be visualized 
by sonography [2]. Animal work has shown that a cryolesion produced in normal 
liver has a characteristic appearance after thawing: it is hypoechoic in comparison 
to the adjacent unfrozen liver [3]. It was suggested that this characteristic of the 
cryolesion would make hepatic cryosurgery feasible by permitting visualization of 
the cryosurgical margin. 

We studied the sonographic appearance of frozen and thawed hepatic metas- 
tases to evaluate the technical feasibility of using intraoperative sonography to 
monitor hepatic cryosurgery. 


Subjects and Methods 


With the permission of the New England Deaconess Hospital Human Experimentation 
Committee, six patients (five with metastatic colon carcinoma of the liver and one with multiple 
hepatic lesions of unknown cause) had lesions frozen. All lesions were then resected in the 
usual manner. Each patient had a preoperative CT, sonogram, and hepatic angiogram, and 
each was determined to have resectable disease by the usual criteria [4]. 

A laparotomy was performed on each patient. If the hepatic lesions were deemed resectabie 
and no extrahepatic metastatic disease was found, the entire liver was surveyed for occult 
lesions by using the Technicare OR330 intraoperative Ultrasound Unit (Codman Co., Ran- 
dolph, MA) with a 7.5-MHz linear-array T or | configuration transducer (Fig. 1). Subsequently, 
one of the lesions to be resected was localized sonographically, and a sharp, trocar cryoprobe 
(8 mm in diameter) was placed into the tumor nodule via sonographic guidance. The cryoprobe 
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was driven by a Frigitronics, Inc. (Shelton, CT) CE4 cryosurgical 
system, which circulated liquid nitrogen at —196°C through the 
cryoprobe (Fig. 2). When the position of the probe was deemed 
adequate by sonography, freezing was begun by circulating liquid 
nitrogen through the probe. It was continued for 8 min while the 
freezing front was continuously monitored by sonography. The frozen 
tissues were then allowed to thaw and were rescanned. The lesion 
was then resected and correlation was made with the gross and 
microscopic pathologic changes. In three of the six patients, tumor 
only was frozen. The other three patients had a portion of tumor and 
a portion of the normal adjacent liver included in the cryolesion. 


Results 


Freezing was carried out in all six patients without compli- 
cations. The freezing process was visualized in all cases as 
a hyperechoic rim with posterior acoustic shadowing. The 
high-frequency sound waves were completely reflected at the 
interface between the nonfrozen tissue and the ice ball. For 
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complete visualization of the frozen tissue, it was necessary 
to scan the liver in several different areas while the nonfrozen 
liver tissue was used as an acoustic window to the cryolesion. 
The largest volume of frozen liver that could be generated by 
using our 8-mm cryoprobe was approximately 3 cm in diam- 
eter. Thawing of the frozen region took approximately 15 min, 
and the hyperechoic rim, representing the freezing front, could 
be monitored as it receded during the thawing process. 

in all six patients the tumor or the part of the tumor that 
was frozen and subsequently thawed did not change signifi- 
cantly in echogenicity. However, in the three patients in whom 
a portion of normal liver was frozen in addition to tumor, the 
normal liver showed a marked decrease in echogenicity after 
thawing when compared with unfrozen liver. After thawing 
there was no acoustic shadowing, and the altered echogen- 
icity of the thawed liver made it possible to determine that the 
freezing had extended beyond the tumor margin into adjacent 
liver (Fig. 3). Visual correlation between the sonographic 





Fig. 1.—Two 7.5-MHz linear-array transducers specifically designed for intra- 
operative hepatic sonography. The sound beam emanates from the transducer 
perpendicular to the cable, allowing the transducer to be cradied between the 


fingers and to scan flat on the liver surface. 





Fig. 2.—Cryoprobe freezing hepatic lesion. The cryoprobe (small arrow) 
is seen piercing the liver. The white area around the probe on the surface of 
the liver represents frozen tissue. The transducer (/arger arrow) monitoring 
the freezing is seen beneath the liver. 


Fig. 3.—Sonograms demonstrating 
the freeze-thaw cycle of a hepatic lesion. 
A, Lesion (arrows) has a slightly hyper- 
echoic rim surrounding a more hypoech- 
oic center. Cryoprobe tip (arrowhead) ap- 
pears as a tiny echogenic focus with slight 
posterior acoustic shadowing. B, Partial 
freezing. Ice ball appears as a hemispher- 
ical, hyperechoic rim with posterior 
acoustic shadowing. A reverberation ar- 
tifact is seen centrally within the acoustic 
shadow, emanating from the tip of the 
cryoprobe. C, Fully developed cryolesion. 
At 8 min the frozen zone is much larger, 
as indicated by the increased radius of 
the echogenic rim and larger area of 
acoustic shadowing. 


4 
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images and the gross pathologic changes seen in the resected 
specimens was excellent (Figs. 4 and 5). 

Pathologically, the cryolesions produced in normal liver and 
tumor had a distinctive morphology. Grossly, the normal liver 
could be separated into frozen and nonfrozen zones by a 
sharp line of demarcation. The frozen normal liver was darker 
(somewhat red-brown) and softer than the nonfrozen normal 
liver. The capsular surface had tiny red petechiae. The line of 
demarcation was sharp on the capsular surface as well. The 
tumor, however, could not be separated into frozen or non- 
frozen areas as readily and showed little if any gross morpho- 
logic change in the previously frozen areas. Microscopically, 
however, both the tumor and normal liver could be easily 
separated into frozen and nonfrozen zones. The zone of 
separation in each case was again sharp and abrupt. The 
frozen liver (Fig. 6) showed coagulative necrosis of individual 
hepatocytes with small, shrunken, pyknotic nuclei. All of the 
nuclear details were lost. The cytoplasm was fuzzy and 
granular with indistinct cell borders. The sinusoids were mod- 
erately congested, a finding that could be seen clearly under 


Fig. 4.—Cryolesion after thawing. A. Intraoper- 
ative scan through lesion shown in Fig. 3, with 
transducer repositioned on surface of tumor nodule. 
Tumor nodule is unchanged in appearance with an 
echogenic rim and hypoechoic center. Adjacent 
frozen and thawed liver (arrows) is hypoechoic com- 
pared with the unfrozen liver, making the lesion 
more obvious. B, Pathologic specimen shows he- 
patic cryolesion is dark and hemorrhagic compared 
with adjacent unfrozen liver. Tumor nodule (an un- 
suspected and largely fibrosed hemangioma) 
reaches just to edge of cryolesion, as depicted on 
sonogram. Edges of hemangioma are slightly 
darker (arrows); the central lighter area has under- 
gone fibrosis. 


Fig. 5.—A, Sonogram shows thawed cryolesion 
(large arrows) largely within normal liver, with one 
margin extending into a colon metastasis (small ar- 
rows). Linear hyperechoic area, centrally within the 
cryolesion, represents the laceration caused by cry- 
oprobe. Arrowheads indicate hepatic vessels to be 
used as landmarks for comparison with pathologic 
specimen. B, Pathologic specimen through approxi- 
mate plane of sonogram shown in Fig. 5A. Cryolesion 
appears dark compared with adjacent unfrozen liver. 
Note margin of contact of cryolesion with tumor nod- 
ule (arrows) and correlation of vessels shown in path- 
ologic specimen (arrowheads) with those in sono- 
gram. 
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low power alone. Tumor tissue similarly underwent coagula- 
tive necrosis with loss of nuclear detail and cytoplasmic 
shrinkage in the frozen area (Fig. 7). Histologic changes after 
freezing were much more striking in the tumor tissue than in 
the normal liver, with definite cytologic changes consistent 
with necrosis even after only one freeze-thaw cycle. 

In one patient whose preoperative workup indicated meta- 
static colon carcinoma limited to the left lobe, intraoperative 
sonographic survey of the liver showed several tiny echogenic 
nodules ranging in size from 2 to 5 mm in the right lobe. 
Again, no lesions could be seen on follow-up CT scan 10 
weeks after surgery, but a scan at 6 months showed several 
lesions within the same area of the right lobe. Subsequently, 
pathologic examination proved that the nodules were meta- 
Static. 


Discussion 


Several investigators [5, 6] have proposed cryosurgery as 
a treatment for unresectable hepatic tumors. In a study of 20 
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dogs, Dutta et al. [6] showed the feasibility of freezing large 
volumes of hepatic tissue with no sequelae. Hepatic cryole- 
sions underwent total necrosis, which was followed by inflam- 
matory cell migration in the margins of the lesions. At 6 to 8 
weeks after the initial freezing, only fibrotic scars remained. 
No hepatic abscesses were formed. Gage [5] showed that 
larger arteries and veins tolerated freezing extremely well 
without rupture or occlusion, as long as the vessels were not 
ligated before the freezing. Gage et al. [7] postulated that this 
would allow freezing of tumors in technically difficult locations, 
such as those near the confluence of hepatic veins. 

Jacob et al. [1] studied the cryodestruction of Walker 
carcinomas implanted in rat liver and showed significantly 
increased survival in those rats undergoing cryodestruction 
of the tumors rather than surgical resection or tumor infarc- 
tion. Zhou et al. [8] reported the freezing of hepatocellular 
carcinomas in 35 patients who had tumors that were unre- 
sectable by traditional surgical means. Cryosurgery was mon- 
itored via thermocouple needles blindly placed into the mar- 
gins of the tumor, and the freezing was monitored visually 
from the hepatic surface. There was no surgical mortality and 
no complications such as bleeding, tumor rupture, bile leak- 
age, or infection. Survival rates were 55.5% for 1 year, 24.3% 
for 2 years, and 10% for 3 years. By comparison, patients 
with a similar stage of disease who received chemotherapy 
had survival rates of 13% for 1 year and 0% for 2 years [8]. 

There are several problems with monitoring cryosurgery of 
the liver either visually or via thermocouple needles [9]. Visual 
monitoring is only possible for surface lesions, and even in 
that situation the depth of the cryolesion can only be esti- 
mated by extrapolating the radius of the ice ball as seen on 
the surface of the liver. Thermocouples allow accurate as- 
sessment of temperature at specific points within the liver, 
but only a limited number of points can be monitored. Place- 
ment of the thermocouples is largely guided by palpation, 
which can be difficult when lesions have irregular contours 
and heterogeneous consistency. The deep margins of palpa- 
ble lesions are often difficult to assess by palpation, and 
therefore inaccurate placement of the thermocouple probes 
may be greater for these lesions. Additionally, lesions that are 
not visible or palpable cannot be monitored or treated by 
using visual guidance or thermocouple monitoring. Sheu et 
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Fig. 6.—Normal unfrozen liver (left) 
containing a portal tract is separated from 
frozen and thawed liver (right) by a sharp 
line of demarcation (arrowheads) running 
through center of photomicrograph. Hep- 
atocytes in affected area show coagula- 
tive necrosis. Sinusoids are moderately 
congested. (H and E, x10) 
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Fig. 7.—Tumor separated into un- 
frozen (left) and frozen and thawed (right) 
areas by a sharp line of demarcation (ar- 
rowheads). The difference in histology is 
more striking here than in the normal liver. 
(H and E, x10) 


al. [10] reported on the contribution of intraoperative sonog- 
raphy in 47 operations for hepatocellular carcinoma. In their 
patients 45% of the tumors smaller than 3 cm and 14.2% of 
tumors between 3 and 6 cm were not palpable and were 
identified only at the time of surgery through the use of 
intraoperative sonography. For these reasons, visual moni- 
toring of hepatic cryosurgery, with or without thermocouple 
monitoring, is inadequate. 

Intraoperative sonography, however, allows excellent vis- 
ualization of even extremely small lesions deep within the 
hepatic parenchyma and can be used to guide the cryoprobe 
to the correct position within the lesion. The freezing can then 
be monitored as it extends out from the cryoprobe as a 
hyperechoic rim with posterior acoustic shadowing. The hy- 
perechoic rim can be observed as it extends beyond the 
tumor margin into normal liver tissue. After thawing, a de- 
crease in echogenicity of the previously frozen normal liver 
indicates the adequacy of the cryosurgical margin. The cry- 
osurgical margin is particularly easy to discern because the 
tumor, which does not change in echogenicity after freezing, 
stands out against the low-echogenicity background of the 
frozen normal liver. Cryosurgical protocols suggest three 
freeze-thaw cycles to ensure tumor destruction [11]. In our 
study, because of time considerations, only one freeze-thaw 
cycle was completed. There may be changes in tumor echo- 
genicity after more freeze-thaw cycles. 

A tissue temperature of at least —50°C is necessary for 
adequate cryosurgical treatment of malignant disease as 
measured by needle-mounted thermocouples at the tumor 
margins [5]. It was thought that temperatures warmer than 
—50°C would be inadequate for complete tumor destruction. 
Although the histologic appearance of cryosurgically treated 
tumors in our series showed definite evidence of necrosis, 
we cannot conclude that all of the frozen portions of the 
tumors were totally destroyed because the lesions were 
resected immediately after freezing. Gage et al. [12] have 
shown that normal liver is very sensitive to thermal destruc- 
tion, and our pathologic examinations showed changes con- 
sistent with coagulative necrosis of the previously normal liver 
tissue. Therefore, by freezing both the tumor and a surround- 
ing margin of normal liver, one may attack the neoplastic 
lesion both directly by freezing and indirectly by depriving the 
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tumor tissue of its vascular supply from the surrounding 
frozen liver tissue. 

There are several technical difficulties in the performance 
of hepatic cryosurgery. With a standard right subcostal inci- 
sion, access to the dome of the liver and extreme lateral 
aspect of the right lobe is limited. For treatment of lesions in 
these areas, the liver must be well mobilized, either by taking 
down the hepatic ligaments (as is done in hepatic transplan- 
tation procedures) or by extending the surgical incision into 
the right side of the chest and incising the right hemidia- 
phragm, thereby allowing access to the high lateral right lobe 
and dome. This better exposure of the right lobe allows for 
greater accuracy in placement of the cryoprobe as well as 
better sonographic monitoring of the freezing process. 

Placement of the cryoprobe in lesions deep within the liver 
is difficult and requires several manipulations to finally position 
the cryoprobe correctly. If we consider the size of the cry- 
oprobes, the associated trauma to the liver requires that a 
better stereotactic technique be developed for probe place- 
ment. A biopsy guide, developed for the linear-array trans- 
ducer, may solve this problem. In addition, visualizing deeper 
lesions can sometimes be difficult because the 7.5-MHz trans- 
ducer does not penetrate very deeply. Deep penetration 
requires that a 5-MHz transducer be used, although it has 
slightly decreased resolution. Lastly, the greatest limitation is 
the small freezing volume associated with the cryoprobes 
presently available. If a larger cryoprobe is used, a greater 
freezing volume is obtainable. However, with large cry- 
oprobes, the trauma associated with placement becomes 
unacceptable. The 8-mm cryprobe that we used can freeze a 
volume of only 3 cm. Therefore, creating larger cryolesions is 
impossible without several probe placements, which then 
significantly prolongs the procedure. 

In summary, it appears that intraoperative hepatic sonog- 
raphy can provide a satisfactory method for guiding the 
placement of cryoprobes, monitoring the freezing process 
itself, and assessing the adequacy of the margins of the 
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cryolesion around the tumor nodule. This may permit more 
widespread application of cryotherapy in the treatment of 
selected patients with hepatic neoplastic disease. 
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Case Report 


Mosaic Oligemia Simulating Pulmonary Infiltrates on CT 


Kenneth W. Martin,’ Stuart S. Sagel, and Barry A. Siegel 


CT examination of the pulmonary parenchyma is a useful 
and sensitive diagnostic technique because of its tomographic 
format and high contrast-sensitivity; the latter is especially 
important for evaluation of the lung. Blood vessels are a major 
contributor to lung density, and CT is capable of demonstrat- 
ing both physiologic and pathologic changes in these struc- 
tures. Regional alterations in pulmonary blood flow and the 
accompanying changes in pulmonary blood volume may result 
in remarkable differences in lung density when the organ is 
examined on lung window settings. Adjacent areas of hyper- 
perfused and hypoperfused lung may have density differences 
so great that the former resemble pulmonary infiltrates. 


Case Reports 
Case 1 


A 20-year-old woman with pulmonary hypertension and right ven- 
tricular failure due to chronic recurrent pulmonary embolism was 
admitted for consideration of possible pulmonary embolectomy. 

A chest radiograph on admission showed moderate cardiomegaly 
with enlargement of the right side of the heart and huge central 
pulmonary arteries. A faint right-middle-lobe opacification was present 
(Fig. 1). 

Pulmonary ventilation scintigraphy with Xe-133 was normal. Per- 
fusion scintigraphy with Tc-99m macroaggregated albumin showed 
no perfusion of the left lung and right lower lobe and diminished 
perfusion of the right upper lobe (Fig. 2). 

Magnetic resonance imaging (MRI) was performed in an attempt 
to determine the size and location of thromboemboli before embolec- 
tomy. Large thrombi in the central pulmonary arteries were observed 
(Fig. 3). However, unsuspected hilar lymph node enlargement was 


queried on the MRI. To resolve this problem, a CT examination was 
performed. No lymphadenopathy was seen, but there appeared to 
be scattered pulmonary infiltrates in both lungs (Fig. 4). These ap- 
parent infiltrates were of homogeneous density and had sharply 





Fig. 1.—Case 1. Posteroanterior chest radiograph shows enlarged central 
pulmonary arteries and cardiomegaly with slightly increased density inferior to 
minor fissure. 
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Fig. 2.—Case 1. Ventilation-perfusion lung scintigraphy. A, Posterior view of equilibrium phase of Xe-133 ventilation study shows normal ventilation. 
B, Posterior view of Tc-99m macroaggregated-albumin perfusion image shows absent perfusion to left lung. 
C, Lateral view of right lung shows absent perfusion of right lower lobe (arrowheads) and diminished perfusion of right upper lobe. 





A 


Fig. 3.—Case 1. MRI showed bilateral central 
pulmonary emboli. Ti-weighted SE 500/30 image 
shows a large thrombus in left pulmonary artery 
(arrows) and a faint increase in signal anteriorly in 


right upper lobe (arrowheads). or nonperfused. 


defined boundaries with the more lucent adjacent jung. Careful com- 
parison with the perfusion scintigrams showed that these areas of 
pulmonary infiltration actually represented the only remaining areas 
of perfused lung. 

A pulmonary angiogram, performed via the digital subtraction 
technique to minimize the dose of contrast medium, corroborated the 
CT and scintigraphic findings. Pulmonary arterial pressure before 
administration of contrast medium was 100/45 mm Hg. Enlarged 
bronchial arterial collaterais supplying the left lung and right lower 
lobe were seen. 

The patient died during embolectomy;: the surgical and postmortem 
findings confirmed the clinical and radiologic diagnosis of massive, 
chronic pulmonary thromboembolism. 


Case 2 


A 38-year-old man was admitted for evaluation of atypical chest 
pain. Eight months before admission tuberculosis had been diag- 
nosed and the patient had been started on antituberculous therapy. 


Fig. 4.—Case 1. A, CT scan with lung window settings shows apparent infiltration of right upper lobe. 
Diameter of vessels in lucent lung is substantially less than in more opaque areas. 

B, A similar “infiltrate” is seen in right middie lobe. Comparison with other studies (Figs. 1-3} shows, 
however, that it actually represents the only remaining perfused lung and that more lucent zones are oligemic 


The admission chest radiograph showed biapical linear densities 
and apical lucency suggestive of bullous disease (Fig. 5). Chest CT 
examination was performed for evaluation of a possible dissection of 
the aorta as the cause of the chest pain. The aorta was normal, but 
the apical and anterior portions of both upper lobes of the lung were 
relatively lucent, whereas the surrounding pulmonary parenchyma 
appeared diffusely increased in density (Fig. 6). There was a sharp 
distinction between dense and lucent lung. . 

Ventilation-perfusion scintigraphy showed no evidence of obstruc 
tive-airways disease or bullous disease on Xe-133 ventilation images. 
Perfusion to the lung apices was diminished in a nonsegmental 
pattern that matched the lucency seen on the lung window settings 
of the CT scans (Fig. 7). No wedge-shaped mismatched defects were 
present to suggest the diagnosis of pulmonary embolism. 


Discussion 


Areas of increased pulmonary parenchymal density result- 
ing from hyperperfusion may be misinterpreted as pulmonary 
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Fig. 5.—-Case 2. Posteroanterior chest radiograph shows linear streaks in 
lung apices with biapical pleurai-based thickening and probable apical bullae. 


infiltrates on CT. First, there may be no visual standard for 
“normal” lung density. Ordinarily, the patient's own lung 
serves as a control. Areas of increased density are usually 
called infiltrates, whereas the more lucent areas are consid- 
ered normai except in the presence of obvious bullous or 
centrilobular emphysema. In the cases presented the rela- 
tively lucent lung was the abnormal tissue and initially was 
used as an inappropriate baseline for comparison. Second, in 
patients studied with CT parenchymal abnormalities are usu- 
ally smaller than the remaining normal lung. In Case 1 the 
entire left lung, right lower lobe, and most of the right upper 
lobe were diminished in density. Given the increased atten- 
uation values in the relatively confined right middle lobe, the 
abnormality was mistakenly localized to the smaller area and 
ascribed to pulmonary infiltration. In fact, the density differ- 
ence was secondary to altered blood flow and blood volume 
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in both regions, with increased and decreased density caused 
by hyperperfusion and hypoperfusion, respectively, a phe- 
nomenon to which the term mosaic oligemia has been applied 
[1, 2]. 

The physiology of mosaic oligemia is relatively simple. When 
large areas of the pulmonary vascular bed are occluded, there 
must be a reciprocal increase in blood flow to the remaining 
patent areas to maintain the cardiac output. Blood in the lung 
is a major contributor to lung density, and most is in the 
capillary bed. Alterations in regional blood flow affect lung 
density by increasing or decreasing blood volume in the 
capillary bed. Physiologic changes in blood flow secondary to 
gravitational effects have been well described [3]. In the 
supine patient the anterior-to-posterior gradient difference 
may be greater than 200 H. It is reasonable to assume that 
similar, if not greater, differences would be apparent in cases 
of mosaic oligemia due to occlusive pulmonary vascular dis- 
ease. 

in Case 1, it is readily apparent after correlating the venti- 
lation-perfusion scintigrams and the pulmonary angiogram 
with the CT images that the denser areas represent hyper- 
perfused lung. In a recent review of the chest radiographs of 
22 patients with chronic pulmonary embolism, mosaic olige- 
mia was found in 68% [2]. The faint right-middle-lobe density 
seen on the chest radiograph of our patient represents an 
extreme example of this finding. Pulmonary ischemia without 
infarction has been studied previously on CT scans of dogs 
with experimentally induced emboli [4]. On the clinical CT 
images presented (Fig. 4), oligemia of the left lung, right lower 
lobe, and right upper lobe is highlighted by the hyperperfused 
right middle lobe. The absolute density of this oligemic lung 
may not be as low as in instances of acute vascular occlusion 
because of the presence of extensive bronchial collaterals, 
which were demonstrated by pulmonary angiography. 

We believe Case 2 represents an example of vasculitis 
associated with tuberculosis [5, 6]. The chest radiograph may 
return to normal in treated tuberculosis in spite of severe 
regional vascular disease. Associated occlusive vascular dis- 
ease may be demonstrated by both perfusion scintigraphy 
and pulmonary angiography. Vasoconstriction may be impor- 
tant because, in some instances, pulmonary arteries not 
perfused in the body are shown to be patent in the resected 
lungs of patients with tuberculosis. Thus, in a manner similar 
to that due to embolism, other types of regional occlusive 


Fig. 6.—Case 2. CT scan with lung window 
settings shows regional areas of increased and 
decreased density. Lucent areas are shown in Fig. 
7 to correspond to nonperfused lung on pulmonary 
scintigraphy, indicating oligemia as cause for den- 
sity difference. 


Fig. 7.—Case 2. Pulmonary scintigraphy. Xe- 
133 ventilation images were normal. Tc-99m mac- 
roaggregated-aibumin perfusion study shows di- 
minished or absent perfusion laterally in both lung 
apices corresponding to areas of lucency seen on 
the CT scan (Fig. 6). 
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vascular disease can cause mosaic oligemia. CT examination 
of the patient in Case 2 showed regional areas of increased 
density surrounded by relatively lucent lung. The scintigraphic 
study revealed no evidence of ventilatory abnormality to ex- 
plain the lucency on the CT scans. Bullous disease or focal 
emphysema is therefore unlikely. There was, however, a 
significant perfusion deficit in a distribution matching the CT 
abnormality. Oligemia of the lung apices secondary to pul- 
monary arteritis induced by tuberculosis with reciprocal hy- 
perperfusion undoubtedly accounts for the CT appearance. 
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Thoracic Venous Anatomy 


J. David Godwin": * and James T. T. Chen’ 


Chest radiography is essential to evaluate the placement 
of iV pressure-monitoring catheters or pacing wires, because 
none of the indirect techniques (such as measuring the pres- 
sure, observing pulsation, or obtaining the return of blood in 
the catheter) is accurate. 

Usually, the desired position of the catheter tip is the 
subclavian vein, the brachiocephalic vein, or the superior vena 
cava [1, 2]. Malposition occurs in about one-third of insertions. 
it is essential to determine, that the catheter is actually in a 
vein (rather than in an artery or free in the mediastinum or 
pleural space); that it is in a vein with sufficient flow to tolerate 
infusion; and, if the catheter is for central venous pressure 
measurements, that it is proximal to any competent vaive. In 
assessing the position of a pacing wire intended for the right 
ventricle, it is important to determine that the electrode is in 
the ventricular apex rather than in a cardiac vein or the 
pericardial space. 

A knowledge of normal and anomalous venous anatomy is 
required to identify the locations of venous catheters on chest 
radiographs. This paper reviews the anatomy of the thoracic 
veins as determined by catheter positions on radiographs. 


Normal Veins 


Subclavian, Jugular, and Vertebral Veins 


The subclavian vein (Figs. 1 and 2) is the continuation of 
the axillary vein and arises at the outer margin of the first rib 
[3]. lt passes along the inner surface of the clavicie and drains 
the arms, shoulders, and part of the anterior thoracic wail to 
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the brachiocephalic vein. The most proximal valve is near the 
venous angle, where the subclavian and jugular veins join to 
form the brachiocephalic vein. 

The internal jugular vein (Fig. 3) drains the brain and parts 
of the face and neck. A pair of valves is located about 2.5 cm 
above the termination of the vessel. Despite these valves, the 
jugular vein is the most common location of a malpositioned 
catheter entering from the subclavian vein [2]. The jugular is 
not an appropriate vein for infusion because of the risks of 
thrombosis, erosion of the vessel because of torque on the 
catheter, and pooling of infused solutions near the brain in a 
supine patient [1]. 

The vertebral vein (Fig. 4) drains the upper cervical spine 
and neck and descends in the transverse foramina of the 
cervical vertebrae to the dorsal aspect of the origin of the 
brachiocephalic vein. A pair of valves is located near its 
opening. Because of the small size of the vertebral vein, 
catheters rarely extend into it. 


Brachiocephalic (Innominate) Vein and Superior Vena Cava 


The brachiocephalic vein (Fig. 5) is formed by the junction 
of the internal jugular and subclavian veins behind the ster- 
noclavicular joint. The left brachiocephalic vein passes 
obliquely downward, and the right passes steeply downward 
behind the manubrium. They join to form the superior vena 
cava. The left vein is longer than the right; neither has a valve. 

On lateral view, the proximal parts of the subclavian vein 
and the distal parts of the brachiocephalic vein contribute to 
the retromanubrial opacity that has been termed the anterior 
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Fig. 1.—Thoracic veins. A, Frontal 
view. B, Left lateral view. Right internal 
thoracic vein terminates more proximally 
on its bachiocephalic vein than does the 
left. Left pericardiophrenic vein termi- 
nates on left brachiocephalic vein; it may 
also terminate on internal thoracic or su- 
perior intercostal vein. SVC = superior 
vena cava; RBC = right brachiocephalic 
vein; LBC = left brachiocephalic vein; EJ 
= external jugular vein; IJ = internal jug- 
ular vein. 
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Fig. 2.—Subclavian and brachiocephalic veins. Catheter inserted in right 
arm vein dips across midline and crosses from right brachiocephalic vein into 
left brachiocephalic vein. Tip (arrow) is distal to sternoclavicular joint and is 
therefore in left subclavian vein. Because of steeper downward slope of right 
brachiocephalic vein (arrowheads) compared with the left, a catheter inserted 
on the right is more likely to continue down superior vena cava and not cross 
into the opposite brachiocephalic vein than is one inserted on the left. 


extrapleural line [4]. Since the posterior margin of this 
Opacity is defined by lung, the opacity must arise to the right 
or left of the midline. CT often shows a corresponding inden- 
tation of both the right and left lungs by the subclavian and 
brachiocephalic veins near their junction. However, CT also 
shows that the main sweep of left brachiocephalic vein, where 
it arcs anteriorly and downward across the mediastinum, does 
not contribute to the posteriorly marginated retrosternal opac- 
ity because, where it crosses the mediastinum, the brachio- 
cephalic vein has no lung behind it that could create a visible 
margin. 


Fig. 3.—Left internal jugular vein. Swan-Ganz catheter inserted into left 
subclavian vein extends into left jugular vein. Note inflated balloon (arrow) at 
catheter tip. Bullet fragment in left thoracic apex. 


On lateral view of the chest, the anterior arc of a catheter 
in the left brachiocephalic vein is often below the anterior 
extrapleural line. A catheter in the right brachiocephalic vein, 
however, descends obliquely but straight downward without 
an anterior arc (see Fig. 15). Lack of an arc on a catheter 
inserted on the left suggests that the catheter is extravascular 
[5]. 

Rather than descend into the superior vena cava, a catheter 
may cross the midline from one brachiocephalic vein into the 
other, typically with a dip at the junction of the two veins. 
This occurrence is less likely when the catheter is inserted on 
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the right because the steep descent of the right brachioce- 
phalic vein aligns the catheter to pass directly into the vena 
Cava. 

The superior vena cava drains blood from the upper half of 
the body. It is formed by the junction of the brachiocephalic 
veins behind the first intercostal space just to the right of 
midline behind the sternum, and it receives the azygos vein. 





Fig. 4.—Vertebral vein and vertebral venous plexus. Injection of catheter 
inserted via left subclavian vein opacifies the external and internal vertebral 
plexus via the vertebral vein. 


AJR:147, October 1986 


Its lower half is within the fibrous pericardium. It has no 
valves. 


Internal Thoracic Vein 


The internal thoracic (mammary) vein (Figs. 6 and 7) re- 
ceives the anterior intercostal veins and some abdominal 
branches (including the inferior epigastric vein) and travels 
along the border of the sternum just medial to the internal 
thoracic artery to drain into the brachiocephalic vein. The 
insertion of the right internal thoracic vein is often more 
proximal on the brachiocephalic vein than is the insertion of 
the left on its brachiocephalic vein. The vein has multiple 
valves. 

Because the orifice of the right internal thoracic vein is often 
close to the origin of the superior vena cava, it can be entered 
by a catheter coming from either brachiocephalic vein. Con- 
versely, because the orifice of the left thoracic vein is more 
remote from the right-sided veins, it can be entered only by a 
catheter coming from the left brachiocephalic vein. 


Pericardiophrenic Vein 


The pericardiophrenic (pericardiacophrenic, lateral medias- 
tinal-phrenic) vein (Fig. 8) drains the pericardium, pleura, and 
diaphragm. Small and either single or multiple, it ascends 
along the phrenic nerve between the mediastinal pleura and 
the pericardium to drain either into the internal thoracic vein 
or the left superior intercostal vein, or directly into the left 
brachiocephalic vein opposite the orifice of the left jugular 
vein [3, 6]. Its diaphragmatic branches anastomose with those 





Fig. 5.—Left brachiocephalic vein. Lateral radi- 
ograph shows typical anterior bend (arrow) of wire 
where left brachiocephalic vein crosses mediastinum 
from left to right. 


Fig. 6.—Right internal thoracic vein. Catheter inserted in left subclavian vein enters right internal thoracic 
vein. Tip (arrow) is medial to superior vena cava on frontal view (A) and anterior to it on lateral view (B). A 
catheter in thymic vein could have same course. 
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Fig. 7.—Left internal thoracic vein. Anteroposterior (A) and lateral (B) radiographs. Catheter tip (arrow) 
is more medial and anterior than if it were in superior vena cava, or pericardiophrenic vein, or left superior 
vena cava. Thymic vein could also account for this catheter position. 





Fig. 9.—Azygos vein. On frontal view (A), a catheter (arrows) entering azygos arch is often projected 
over superior vena cava. Catheter may arc upward and slightly laterally before turning downward and 
medially [14]. On lateral view (B), catheter (arrows) extends posteriorly from superior vena cava with an 
upward convexity, then parallels spine downward toward diaphragm. 
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Fig. 8.—Left pericardiophrenic vein. Catheter in- 
serted into left subclavian vein follows left superior 
mediastinal border then curves laterally along left 
heart border. Injection of contrast material opacifies 
distal part of vein and its connections to inferior 
phrenic vein (retouched) under hemidiaphragm. The 
lateral swing of catheter along heart border distin- 
guishes pericardiophrenic vein from left superior vena 
cava, which curves medially near left atrium. A cath- 
eter in internal thoracic vein has a straighter down- 
ward course and does not swing laterally near heart 
border. On lateral view (not shown), a catheter in 
internal thoracic vein is more anterior than one in 
pericardiophrenic vein, and a catheter in a persistent 
left superior vena cava is more posterior. 





Fig. 10.—Azygos vein. Anteroposterior view. Dou- 
ble lumen catheter entering azygos vein is projected 
end-on in azygos arch. 
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of the inferior phrenic vein, which drains to the inferior vena 
cava or left renal vein. It may serve as a collateral pathway in 
superior vena caval obstruction [7]. Inadvertent catheteriza- 
tion of the left pericardiophrenic vein is rare [7-10] and usually 
occurs when the catheter has been inserted into the jugular 
vein. The pericardiophrenic vein is not a suitable location for 
a catheter because the vein is small and moves with trans- 
mitted cardiac motion. Thrombosis, erosion, and perforation 
are all risks. Larsen and Rieke [10] suggest that hemoperi- 
cardium could result from perforation, but that would require 
rupturing a branch within the fibrous pericardium. 


Azygos Vein 


The azygos vein (Figs. 9 and 10) is the continuation of the 
right ascending lumbar vein. It enters the thorax either through 
the aortic hiatus or behind or through the right crus of the 
diaphragm. Passing along the right anterior surface of the 
spine, it receives the lower right posterior intercostal veins, 
the hemiazygos vein at the level of the eighth thoracic verte- 
bra, and the accessory hemiazygos vein at the seventh tho- 
racic vertebra. About the fourth vertebra, it arcs anteriorly 
and to the right, passing over the right upper lobe bronchus 
and truncus anterior of the right pulmonary artery to drain 
into the posterior surface of the superior vena cava just above 
the cava’s entry into the pericardium [11-13]. The posterior 





Fig. 11.—Left superior intercostal vein. Catheter in- 
serted in left subclavian vein arcs laterally along aortic 
arch in superior intercostal vein. A short downward 
course is consistent with location in posterior part of vein, 
but longer downward course here indicates entry into 
accessory hemiazygos vein. The course of a catheter in 
superior intercostal vein is distinguishable from that of a 
catheter in a persistent left superior vena cava or in a 
pericardiophrenic vein because the latter two descend 
along left side of mediastinum without arcing laterally 
along aortic arch. 
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part of the arch receives the right superior intercostal vein, 
which is a common trunk draining the right second, third, and 
fourth posterior intercostal veins. There are usually one to 
four incomplete valves in the azygos arch [12]. Because the 
azygos vein, along with the ascending lumbar veins and their 
tributaries, connects the superior and inferior vena cava, the 
azygos vein functions as an important collateral pathway in 
cases of superior or inferior vena caval obstruction. The 
azygos vein is also the route for venous return from the lower 
half of the body in cases of congenital interruption of the 
inferior vena cava (azygos continuation). Depending on the 
site of caval obstruction, blood flow in the azygos vein can 
be craniad or caudad. 


Left Superior Intercostal, Hemiazygos, and Accessory 
Hemiazygos Veins 


The left superior intercostal vein (Figs. 11 and 12) forms an 
arch on the left side of the mediastinum that is analogous to 
the azygos arch on the right. This vein drains the second, 
third, and fourth posterior intercostal veins, then passes 
forward and upward along the aortic arch to drain into the 
left brachiocephalic vein near the venous angle. About 75% 
of the time the vein connects to the accessory hemiazygos 
vein [15, 16]. 

On a frontal radiograph, the left superior intercostal vein is 


Fig. 12.—Left superior intercostal, accessory hemiazygos, azygos veins, and superior vena cava. 
A, Posteroanterior radiograph. B, Lateral radiograph. Catheter (retouched) inserted into left subclavian 
vein has shallow lateral and posterior curve in superior intercostal vein just above aortic arch, then 
descends medially in accessory hemiazygos vein, crosses posterior mediastinum behind descending 
aorta to ascend in azygos vein, and arches forward to superior vena cava, in which it descends to 
right atrium. Tip is in pulmonary artery on posteroanterior view and in right ventricle on lateral view. 
(courtesy of M. M. Figley) 
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sometimes visible as a discrete bulge, called the aortic nipple 
[17, 18], along the aortic arch. Most often the nipple projects 
laterally off the aortic arch, but it may be located just above 
the arch or just below it. 

The hemiazygos vein (Fig. 1) is the continuation of the left 
ascending lumbar vein and usually connects to the left renal 
vein as well [13]. It enters the thorax through the left crus or 
the aortic hiatus, just posterior to and to the left of the 
descending aorta. It receives the lower left posterior intercos- 
tal veins and ascends on the left anterior surface of the spine 
to the eighth or ninth thoracic vertebra, where it crosses to 
the right behind the aorta to drain into the azygos vein. It 
often connects with the accessory hemiazygos vein above. 

The accessory hemiazygos vein (Figs. 11 and 12) drains 
the fifth through eighth left posterior intercostal veins. It 
usually crosses to the right over the seventh thoracic vertebra 
to drain into the azygos vein, or it may drain to the hemiazygos 
vein or to both. 


Cardiac Veins 


The cardiac veins can be entered intentionally (for investi- 
gation of an arrhythmia or for atrial pacing via the coronary 
sinus) or inadvertently with a catheter or pacing wire intended 
for the right ventricular apex [19]. The coronary sinus drains 
most of the cardiac veins. Located in the posterior part of the 
atrioventricular groove [3], it is 2-3 cm long and terminates 
in the right atrium near the inferior vena cava. 

The continuation of the coronary sinus in the posterior 
atrioventricular groove is the great cardiac vein (Figs. 13 and 
14), which originates alongside the left anterior descending 
coronary artery in the anterior interventricular groove. The 


Fig. 13.—Cardiac veins and left superior vena 
cava. Course of anomalous persistent left superior 
vena cava (LSVC) and relationship to the oblique 
vein of left atrium (OV) are indicated by dashed lines 
in frontal view (A) and by solid lines in lateral view 
(B). CS = coronary sinus; GCV = great cardiac 
vein; SCV = small cardiac vein; MCV = middle 
cardiac vein; Ao = aorta; RSVC = right superior 
vena cava; LSIV = left superior intercostal vein. 


A 
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small cardiac vein runs in the anterior atrioventricular groove, 
and the middle cardiac vein (Fig. 15) runs in the posterior 
interventricular groove from the apex to join the coronary 
sinus. The oblique vein (of Marshall) of the left atrium de- 
scends on the back of the left atrium and is part of the 
drainage of a persistent left superior vena cava. The coronary 
sinus and all the cardiac veins have valves at their orifices. 

Because the middle cardiac vein travels on the surface of 
the heart, a catheter in it may be confused for one that has 
perforated the heart and entered the pericardial space. Fluo- 
roscopy may be required with special attention to the motion 
of the pacer tip and to the relationship of the cable to the 
pericardium and subepicardial fat [19]. 

A catheter or pacing wire entering a persistent left superior 
vena Cava enters the oblique vein and coronary sinus in almost 
all cases. 


Other Veins 


Occasionally an IV catheter lodges in a right superior inter- 
costal vein [20], a thymic vein arising from the left brachioce- 
phalic vein [6], or an inferior thyroid vein arising from the right 
or left brachiocephalic vein [20]. A catheter may pass through 
the right atrium from above to enter the inferior vena cava or 
a hepatic vein. 


Anomalous Veins 
Persistent Left Superior Vena Cava 


Persistent left superior vena cava (Figs. 13, 16-18) is the 
most common variant of systemic venous drainage. It occurs 
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in 0.3% of persons with otherwise normal hearts and in 4.3% 
of patients with congenital heart disease [21]. It results from 
failure of parts of the left anterior and common cardinal veins 
to regress. The vein drains the left subclavian and jugular 
veins to the coronary sinus via the oblique vein of the left 
atrium. The left superior intercostal vein becomes a tributary 
of the left superior vena cava, analogous to the azygos arch 
on the right. When the drainage is to the coronary sinus (as 
it is in almost all cases), there are no important hemodynamic 
effects. However, there may be an increased risk of arrhyth- 
mia during cardiac catheterization via the anomalous vein 
[22]. Further, cardiopulmonary bypass for open-heart surgery 
may have to be modified. 
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Fig. 14.—Coronary sinus and great cardiac vein 
pacing wire. A, Frontal radiograph shows pacing 
wire (retouched) arcing upward. Its course could be 
mistaken for location in right ventricle and pulmo- 
nary artery. B, Lateral radiograph shows posterior 
position of wire, following posterior atrioventricular 
groove, excluding location in right ventricle and 
pulmonary artery. Occasionally, a wire extends into 
a branch of great cardiac vein. 


Fig. 15.—Middle cardiac vein. A, Posteroanterior 
radiograph. B, Lateral radiograph. Pacing wire en- 
tering middie cardiac vein resembles one in right 
ventricle, but its curve is slightly lower and its tip 
may extend more distally toward cardiac apex. On 
lateral view, it has a farther posterior location of 
electrode (arrow), projecting roughly over middle of 
heart. Note anterior arc of pacing cable in left bra- 
chiocephalic vein vs straight course of wire in right 
brachiocephalic vein high in mediastinum in B. 
(Compare with Fig. 3.) 


In all but about 18% of cases, a right superior vena Cava is 
also present, although it may be smaller than usual. When it 
is not present, the incidence of congenital heart disease 
increases; atrial septal defect is most common [21]. Rarely, 
the drainage of the left superior vena cava is not into the 
coronary sinus, but instead into the left atrium. In these cases 
as well, the incidence of congenital disease increases [21]. 

In about 40% of cases, the left brachiocephalic vein con- 
necting the two vena cavae is absent [23]. When present, 
this vein may be smaller than usual and its course may be 
more horizontal. In most cases, the left superior vena is visible 
as a vertical contour along the upper left mediastinal border 
[22, 23]. 


——a 
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Fig. 16.—Persistent left superior vena cava. 
Posteroanterior (A) and lateral (B) radiographs show 
pacing wire inserted in left subclavian vein entering 
persistent left superior vena cava and descending 
along left border of superior mediastinum. Cathe- 
terization of vein is more likely if catheter is inserted 
on the left. Catheter delineates vein as it descends 
lateral to arch and in front of pulmonary hilum 
toward posterior surface of heart, where it enters 
coronary sinus via oblique vein of left atrium and 
arcs anteriorly to enter right atrium near insertion 
of inferior vena cava. Electrode is in right ventricular 
apex. Faint shadow of left superior vena cava is 
visible lateral to aortic arch in (A). Posterior swing 
of wire on lateral view distinguishes course of left 
superior vena cava from that of the right. 


Fig. 17.—Persistent left superior vena cava with 
absence of right superior vena cava. Posteroante- 
rior (A) and lateral (B) radiographs. Pacing wire 
crosses mediastinum in right brachiocephalic vein 
(note anterior arc in superior mediastinum in B) and 
then descends to posterior surface of heart in left 
superior vena cava draining via oblique vein to 
coronary sinus. Electrode is in right ventricular 
apex. CT scan (not shown) confirmed absence of 
right superior vena cava. 


A 


Partial Anomalous Pulmonary Venous Connection 


Although total anomalous pulmonary venous connection is 
such a severe derangement that it is diagnosed in infancy, 
partial anomalous pulmonary venous connection (Figs. 19 and 
20) may be undetected until the patient is an adult. Usually 
50% or more of the lung must be drained anomalously for the 
patient to be symptomatic [24]. The lesion causes a left-to- 
right shunt. Atrial septal defect is frequently present, espe- 





THORACIC VENOUS ANATOMY 681 








cially when the anomalous drainage is from the right upper 
lobe to the superior vena cava [25]. 

The embryology is complex. Briefly, anomalous drainage 
arises from failure of the developing pulmonary veins to 
establish normal connections with the heart and subsequent 
persistence of primitive splanchnic venous connections of the 
lung [24]. 

The right lung is involved twice as often as the left, and 
upper lobes are involved more frequently than lower. The 
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Fig. 19.—Partial anomalous pulmonary venous con- 
nection from right upper lobe. Anteroposterior radi- 
ograph. Catheter enters anomalous pulmonary vein 
draining into superior vena Cava. 


usual sites of termination of the anomalous vein are, in 
decreasing frequency, the superior vena cava, right atrium, 
left brachiocephalic vein (via a vertical vein), Coronary sinus, 
and the azygos vein. Less common are the portal vein, ductus 
venosus, inferior vena cava, and left subclavian vein [24]. The 
left vertical vein is a remnant of the anterior cardinal vein. It 
drains to the left brachiocephalic vein as does the left superior 
intercostal vein, which is in roughly the same location. 
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Fig. 18.—Persistent left superior vena cava. 
Posteroanterior (A) and lateral (B) radiographs. Pac- 
ing wire intended for coronary sinus crosses me- 
diastinum in left brachiocephalic vein to right supe- 
rior vena cava then enters coronary sinus and ex- 
tends upward to left brachiocephalic vein via per- 
sistent left superior vena cava. Lateral view (B) 
shows posterior position of left superior vena cava 
compared with the right. Reproduced by permission 
of Hewitt et al. [19]. 
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Fig. 20.—Partial anomalous pulmonary venous connection. A, Anteroposterior radiograph. Catheter 
extends via vertical vein along left mediastinal border into anomalously draining left pulmonary vein, 
into which contrast media has been injected. A CT scan (B) confirmed left vertical vein (arrow) draining 
to left brachiocephalic vein. 


Radiographic findings of partial anomalous pulmonary ve- 
nous connection are (1) increased pulmonary blood flow 
caused by the left-to-right shunt and resembling atrial septal 
defect, and (2) the anomalous course of the pulmonary vein 
within the lung [26]. 

A catheter entering an anomalous pulmonary vein may 
appear to be extravascular and to have perforated the lung. 
False diagnosis of anomalous pulmonary venous connection 
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Fig. 21.—Mustard procedure [27] for treatment of complete transposition of the great arteries. Fig. 22.—Glenn procedure [28] for treatment of 
Pericardial baffle installed in atrium so that systemic venous blood is directed into left ventricle. Posteroan- severe right ventricular outflow obstruction. Superior 
terior (A) and lateral (B) radiographs. Pacing wire descends from superior vena cava across right atrium vena cava is separated from right atrium and anas- 
into left ventricle via surgically created baffle. tomosed to right pulmonary artery. IV catheter (ar- 

rows) descends from superior vena cava into interlo- 
bar right pulmonary artery along bronchus interme- 
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Digital Subtraction 
Venography in Central 
Venous Obstruction 





Thirty-five patients had central venous digital subtraction venography (DSV) to assess 
its value in detecting central line/shunt patency (13 patients) and central venous 
obstruction (22 patients). All examinations were easily performed and provided diag- 
nostic images without conventional venographic supplementation. The disadvantages 
of OSV are outweighed by the advantages, which include saving time and money, 
superior contrast resolution, flexibility of image display, and reduced dosage of contrast 
agent. 


One source of difficulty in the evaluation of obstruction of the superior vena cava 
(SVC) or subclavian vein is the superimposition of soft tissue and osseous struc- 
tures, including the mediastinum, ribs, clavicles, sternum, and thoracic spine. These 
structures often produce obstacles to conventional venography because they 
increase radiodensity in the precise area of interest. While photographic film 
subtraction has been helpful in alleviating this problem, it is both expensive and 
time consuming. Oblique and lateral positioning are potentially beneficial, but 
infrequently employed. We undertook the present study in order to (1) assess the 
feasibility of routine use of digital subtraction venography (DSV) instead of conven- 
tional superior vena cavography and subclavian venography for suspected obstruc- 
tion, (2) perfect the technique, and (3) determine the advantages, disadvantages, 
and approximate cost savings of the digital method for a series of patients. 


Subjects and Methods 


Thirty-five patients suspected of having obstruction of the SVC, subclavian vein, or central 
venous line on the basis of clinical, CT, or radionuclide-flow study findings were referred to 
the radiology department for venography. All underwent DSV of one or both subclavian veins 
and/or the SVC. In cases involving a question of catheter patency, injections were also made 
directly into the catheters. All exams were performed on a Diasonics DF-100 (Milpitas,CA), 
Philips DVI II (Philips Medical Systems, Shelton, CT) or ADAC DPS-1000 (ADAC Laboratories, 
Sunnyvale, CA). Our preferred study method evolved into the one described in the following 
paragraphs. 

At the beginning of each procedure, patients are instructed about holding their breath. 
With the arms abducted and elevated approximately 30°, an antecubital venous injection of 
40 ml of meglumine iothalamate 43% (Conray-43, Mallinckrodt, Inc., St. Louis, MO) is made 
unilaterally for suspected SCV obstruction or bilaterally (80 mi total) for suspected SVC 
obstruction using 18-gauge butterfly needies. Centering depends on the area of interest. The 
field size most commonly used is 12 in. (80 cm). For assessments of central venous catheter 
patency, contrast material is injected directly into the catheter. In all instances, contrast 
material is manually injected as rapidly as possible. The framing sequence is 1 frame/sec. 
Durations of injection and acquisition are determined by real-time monitoring of the study 
with special attention to the acquisition of late mask frames. POSS primarily includes 
remasking, reregistration, and changes in window and level. 

Studies were quantitatively assessed for contrast resolution in AE S frequently 
obscured within the mediastinal shadows on conventional venography (SVC brachiocephalic 
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TABLE 1: Digital Subtraction Venogram Findings in Obstruction 
of the Superior Vena Cava or Subclavian Vein 





No. of Findin 

Cause Frequency = Fim see ise eee 

(%) Sequences Obstruction Collaterals 
Carcinoma. 18 (82) 1 15 13 
Fractured clavicle t (5) 1 1 1 

Thoracic inlet syn- 

drome 1 (5) 1 1 1 
Unknown 2 (9) 1 0 0 





TABLE 2: Digital Subtraction Venogram Findings in Evaluation 
of Catheter or Shunt Patency 





Catheter Frequency i ns j Findings 
type (%) Sequences 
Central line 8 (62) 1 6 fibrin sheath surrounding 
l catheter 
2 normal 
3 2 2 thrombus in SVC; fibrin 
sheath surrounding 
catheter 
1 catheter in small tribu- 
tary of SCV 
LaVeen shunt 1 (8) 2 1 fibrin sheath; thrombus 
in SVC 
Denver shunt 1 (8) 2 1 extensive fibrin sheath; 


patent SVC and SCV 


Note.—SVC = superior vena cava; SCV = subclavian vein. 


TABLE 3: Cost Comparison of Digital Subtraction? and 
Conventional Venography’ for Typical Superior Vena Cava 
Study 


Costs Conventional Digital 

Film $12.88 $ 0.76 
Contrast material 13.88 10.90 
Technologist 6.42 4,30 
Total 33.18 15.96 





8 includes only one sequence. 
> includes only one sequence and no photographic subtraction. 


veins, medial one-third of the subclavian veins, and central venous 
catheters). 

An average cost saving on film was computed by using (1) the 
number of films usually employed at our institution for a conventional 
subclavian venogram or superior venacavogram and (2) the average 
number of films used for DSV studies in this group of 35 patients. 
Other cost considerations studied in our limited analysis include 
contrast media and technologist time. 


Results 


DSV was diagnostic in all 35 patients. The results are 
provided in Tables 1 and 2. In no instance was conventional 
venography necessary to supplement the diagnostic impres- 
sion. No complications were encountered. 
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Our average number of 14 x 14 in. (36 x 36 cm) films per 
sequence in conventional venography of the subclavian vein 
and SVC is eight. Our average for the digital method is four 
frames on one 8 x 10 in. (20 x 25 cm) film per sequence. 
Since the cost of 14 x 14 in. film is $1.61 per sheet (TMG-1, 
Eastman Kodak Company, Rochester, NY) and the cost of 8 
x 10 in. film is $0.76 per sheet (NMC-1, Eastman Kodak 
Company), the minimum savings in film cost per sequence is 
$12.12. In conventional cases requiring photographic sub- 
traction, there is obviously additional procedure time and 
expense; each sheet of X-Omat. subtraction film (Eastman 
Kodak) is $2.24. In the majority of our DSV cases, only one 
sequence was necessary to obtain diagnostic information. 

Meglumine iothalamate 60% (Conray-60, Mallinckrodt, Inc.) 
is used for our conventional upper-extremity venograms at a 
cost of $6.94 per 50-ml vial. Meglumine iothalamate 43% 
(Conray-43, Mallinckrodt, Inc., St. Louis, MO) is used for our 
DSV studies at a cost of $5.45 per 50-ml vial. 

Our average cost for technologist time including salary plus 
fringe benefits is $12.84/hr, and a DSV study takes approxi- 
mately 20 minutes or two-thirds the time of a conventional 
upper-extremity venogram. 

Table 3 summarizes the differences in cost between the 
two types of exams in the case of a study for SVC obstruction. 
Figures 1-4 are representative DSVs from our series. 


Discussion 


it is often necessary to study the SVC and subclavian vein 
for clinically suspected obstruction (e.g., upper extremity 
edema, cyanosis, superficial collaterals) [1] or evaluation of 
the patency of central venous lines. In our experience, mal- 
function of central lines is most commonly due to thrombosis 
or sheathing of the catheter with a layer of fibrin. Less 
commonly, the catheter tip may be found positioned within a 
small tributary to the brachiocephalic or subclavian vein or in 
an extravascular position. 

Venography has been considered the diagnostic method of 
choice in SVC obstruction [2]. However, the density of the 
mediastinum presents an inherent problem in the evaluation 
of thoracic venous structures. Because of this problem, pho- 
tographic subtraction is often a necessary supplement to 
conventional venography of the SVC and subclavian vein. 
This increases the cost and time of the examination. Film 
costs for such procedures, even without subtraction, are 
considerably higher than for most DSVs. 

With the method we have described for DSV, the exami- 
nation is easily tailored to the specific needs of the -patient. 
The amount of contrast material used is variable. Because 
meglumine iothalamate 43% (202 mg I/ml) is employed, re- 
peat sequences are possible even when bilateral antecubital 
injections are made. 

Instructions for holding of breath deserve special emphasis 
when the digital method is used. Patients who cannot coop- 
erate with holding their breath are poor candidates for this 
technique. Practicing holding breath before the actual acqui- 
sition sequence provides a good measure of the patient's 
ability to cooperate. Late mask frames often prove useful for 
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Fig. 1.—Patient with poor venous re- 
turn through Hickman catheter; digital 
subtraction venography done to rule out 
obstruction shows Hickman catheter 
in patent subclavian vein with no fibrin 
sheathing. 


Fig. 2.—72-year-old woman with 
small-cell undifferentiated carcinoma of 
lung. Digital subtraction venogram re- 
veals infraazygos superior vena Cava ob- 
struction and multiple collateral channels. 
Arrows indicate retrograde direction of 
blood flow in azygos vein. 


Fig. 3.—83-year-old man with squa- 
mous-cell carcinoma of lung. Digital sub- 
traction venogram reveals supraazygos 
obstruction of superior vena cava (SVC) 
with complete occlusion of right brachi- 
ocephalic vein and narrowing of left bra- 
chiocephalic vein. Note multiple collateral 
channels. Antegrade flow from left bra- 
chiocephalic vein to SVC is shown. Ar- 
rows indicate antegrade direction of blood 
flow in azygos vein. 


Fig. 4.—52-year-old man with LaVeen 
shunt in left subclavian vein (SCV). Digital 
subtraction venogram with antecubital 
venous injection demonstrates extensive 
thrombus in SCV with collateral flow. 


remasking studies in which the patient has moved or 
breathed. Misregistration remains a significant limitation of 
the digital method in uncooperative patients. Arm elevation 
should precede acquisition to assure filling of the subclavian 
vein and SVC without misregistration. While ECG gating could 
potentially alleviate misregistration due to cardiac motion, the 
latter has not proved a significant limitation in our studies. 

The digital venography method has several real and poten- 
tial advantages. Real-time subtraction (instead of photo- 
graphic film subtraction), decreased film cost, improved flexi- 
bility of display and archival, and time efficiency are a few of 
the real advantages. High-quality images result from injection 
of a relatively low concentration of contrast medium, which is 
important in patients who have renal insufficiency or who 
require more than one contrast injection. In addition, a theo- 
retical advantage is that meglumine iothalamate 43% is less 
likely to induce venous endothelial injury than other more 
highly concentrated media [3, 4], and this is important in 
patients with venous obstruction and stasis. Although the 
spatial resolution of DSV is less than that of the conventional 
method, this limitation has never hindered the diagnostic 
accuracy of any of our studies. 

Other techniques used to image central venous obstruction 
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are CT and MRI. CT is excellent at showing masses in the 
mediastinum and the numerous collaterals that occur in ve- 
nous obstruction but is limited to axial scanning. Frontal 
projection radiography and coronal MR imaging are better for 
imaging vascular structures in continuity. MR imaging may 
prove the technique of choice, but its wide application is 
presently hampered by expense, acquisition time, and lack of 
availability. In addition, not all patients are suitable candidates 
for MR imaging. 

Our cost comparison does not include differences in room- 
utilization time and certain other operating costs, but it does 
provide a fair representation of the differences in film cost, 
contrast material cost, and technologist time. On the basis of 
this limited analysis, we believe that DSV is more cost efficient 
than conventional upper-extremity venography. 

In summary, digital subtraction venography of the SVC and 
subclavian vein is a time-efficient, cost-efficient, and useful 
method of examination. It is easily performed and is readily 
adaptable to the clinical situation. DSV offers several real and 
theoretical advantages over conventional venography and is 
recommended as the diagnostic procedure of choice in all 
cases of suspected occlusion of the SVC, subclavian vein, 
and central venous catheters. 
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Screening Mammography: 
Referral Practices of Los Angeles 
Physicians 





The American Cancer Society (ACS) recommends annual screening mammography 
for asymptomatic women over 50 years old. In a survey of attitudes and referral practices 
toward screening mammography, one-fifth (886) of the 4200 physicians queried returned 
a postage-paid questionnaire. Only 11% of respondents followed the ACS guidelines. 
Physicians under 40 years old, in group practice, or in surgical specialties were more 
apt to refer their patients for screening. The major deterrent to referral was the perceived 
high cost and low yield of screening. However, 80% of the physicians indicated they 
would refer patients over 50 who requested annual screening. Annual mammography 
screening is underused; greater efforts must be directed toward educating physicians 
and patients regarding its value and toward lowering its cost. 


Breast cancer is the most common cancer in American women; one in 11 will 
develop breast cancer at some time in her life [1]. The results of the Breast Cancer 
Detection Demonstration Project and other ongoing screening investigations indi- 
cate that mammography is the most sensitive and accurate method for the early 
detection of breast cancer [2-9]. For these reasons, the American Cancer Society 
(ACS) now recommends guidelines that include a baseline mammogram for asymp- 
tomatic women aged 35 to 40, mammograms at 1-2 year intervals for women 
aged 40 to 50, and annual examinations thereafter [10]. We surveyed physicians 
in Our community to assess their attitudes and practices with regard to mammog- 
raphy screening in asymptomatic women over 50 years old. 


Subjects and Methods 


In September 1984, we sent questionnaires (return postage paid) to 4200 physicians in 
the Los Angeles area. This group included all members of the Los Angeles County Medical 
Association listed as actively practicing internal medicine, surgery, family practice, general 
practice, or obstetrics and gynecology. The survey postcard sought general demographic 
information and responses to specific questions about using mammography in asymptomatic 
women over age 50 (Table 1). We felt the ACS guidelines for screening this group would be 
the most familiar to physicians. 


Results 


Of the 4200 physicians surveyed, 886 (21%) returned the questionnaire. A 
comparison of the demographics of the respondents with the whole survey popu- 
lation yielded no major differences (Table 2). Sixty-four percent of the responding 
physicians were in solo practice, and 33% in group practice. 

Only 11% (95) of the respondents followed the ACS guidelines with regard to 
screening asymptomatic women over 50 years old. Although compliance with the 
ACS guidelines was poor in all medical specialties queried, variations in referral 
practices occurred (Table 3). In addition, there was a significant difference (p < 
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TABLE 1: Mammography Questionnaire 
(Check Box) 


es a a NL ML OO ON ELIS I ISS ITE STITT EE 
1. How frequently do you refer asymptomatic women over 50 for 


mammography? 
[ ] Never 
[ ] On a regular basis (every 1-3 years) when there is a family 
pesonal history of breast cancer. 

[ | Every year regardless of patient history or symptoms. 

| } Every 2-3 years regardless of patient history or symptoms. 
{ ] Every 4-5 years regardless of patient history or symptoms. 
{ ] Other 


2. If you selected the first or second choice in Question #1, please 
indicate why you do not refer ail asymptomatic women for 
screening mammograms: 

[ | High cost/low yield 

[ ] Risk of radiation exposure 

[ ] Other screening methods are adequate 
[ ] Other reasons: 


3. Would you refer a woman over 50 for mammograms every year 
if she requested annual screening regardless of risk factors or 
symptoms? 

| } Yes 
4. Your Speciality: 
[ ] General practice 
[ ] Family practice 
[ ] internal medicine 
[ ] OB/Gyn 
[ ] Surgery 
5. Type of Practice (Majority of Time) 
[ ] Solo private 

[ ] Group private 

[ ] 

[ 


f ] No 


Private hospital based 
] County hospital based 
[ ] HMO 
[ ] University based 
6. Your Sex: 
[ ] Male 
7. Your age: 
8. If you would like the results of this survey, please provide your 
name, address and zip code: 


anf 


{ | Female 





0.01) in compliance with the ACS guidelines between physi- 
cians younger than 40 years old and those older than 40; the 
younger physicians were more apt to refer their asymptomatic 
patients for screening mammography. Although physicians 
practicing in a group had. a slightly greater tendency to refer 
their patients for screening mammography, they usually did 
not do so annually. There was no significant difference in 
referral practices between male and female physicians. Of 
those physicians who did not refer all asymptomatic women 
for annual screening, 55% gave high cost and low yield as 
the major reasons for not screening, 17% were concerned 
about high cost, low yield, and radiation risk, 7% listed 
radiation risk as their only concern, and 7% thought that other 
screening methods ‘were adequate. While most physicians 
did not refer women. for regular screening mammograms, 
81% indicated that they would refer women over 50 regard- 
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TABLE 2: Characteristics of Survey Respondents Compared to 
All Physicians Surveyed 
GN 


Active members LACMA?® 
Respondents (n = 5363) 
Age (mean) 55 53 
Sex (%) 
Male 95 93 
Female 5 7 
Specialty (%) 
General practice 16 (n = 143) 17 (n = 887) 
Family practice 17 (n = 154) 15 (n = 821) 
internal medicine 35 (n = 314) 38 (n = 2060) 
OB/Gyn 15 {n = 129) 12 (n = 653) 
Surgery 17 (n = 146) 18 (n = 942) 


A a a A OG ISS SF TCI HEE HA 
a Demographics provided by Los Angeles County Medical Association {LACMA). (4200 
members were surveyed.) 


less of risk factors or symptoms if the patients requested 
annual screening. 


Discussion 


Clinical trials in North America and Europe have shown that 
mammography is the most effective method for detection 
of early breast cancer [2, 3, 7] and that screening with 
mammography decreases mortality from the disease 
[3, 7-9]. Although the ACS and other professional medical 
societies recommend regular mammographic screening, 
mammography is not widely used in the United States as a 
screening examination [11-13]. 

In a 1982 mail survey of 509 family physicians in New York 
State, Cummings et al. [11] found that, although family phy- 
Sicians recognized that mammography could detect breast 
cancer in its early stages, most of these physicians did not 
recommend routine mammograms for their patients. In that 
study, the reason most commonly given for not recommend- 
ing mammography was the possibility of radiation risk. Other 
reasons included concerns over the reliability of the proce- 
dure, the low probability of cancer detection, poor patient 
acceptance, and high cost. Our survey found a similar non- 
compliance with the ACS guidelines, with high cost being the 
most common reason given. 

in 1984, the Ohio Division of the ACS conducted a tele- 
phone survey of 1035 primary-care physicians to ascertain 
their detection practices for all types of cancers [12]. The part 
of the study concerned with breast cancer detection yielded 
results similar to our investigation: (1) 11% of the Ohio phy- 
sicians followed the ACS guidelines; (2) the high cost of 
mammography was the primary deterrent to compliance with 
ACS guidelines; and (3) there were differences in mammog- 
raphy-screening practices among the various specialties, with 
obstetricians/gynecologists being more apt to follow the ACS 
guidelines than general practitioners/family physicians or in- 
ternists. : 

A computer-assisted assessment [13] of 306 family physi- 
cians’ knowledge of ACS screening guidelines indicated that 
only 55% of the participants were aware of the newest 
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TABLE 3: Percentages of Physicians Referring Asymptomatic Women Over 50 for Mammography 
(emesis cp fT CRI EE TS TE THES TAR TEE EERE EER ES E SE DESAI A RE OE 


General Family 
Frequency of Referral Practice Practice 
(n = 143) (n = 154) 
Never 40 24 
High-risk patients only (family 
or personal history of 
breast cancer) 34 38 
All patients 
Annual 4 11 
Every 2-3 years 18 20 
Every 4-5 years 4 4 
Other 1 4 


internal All 

Medicine OB/ pl Reo Respondents 
(n= 314) i Tee) = (n = 887) 

23 13 14 23 

34 33 35 36 

12 11 15 11 

19 31 24 22 

10 9 9 7 

3 3 3 3 





guidelines for baseline mammography at 35-40 years and 
regular screening after 40. In our survey, we chose to query 
screening practices for woman over 50 because some phy- 
sicians might have been unaware of the more recent recom- 
mendations for screening younger women. 

Our survey disclosed that physicians in all specialties were 
most likely to recommend regular screening mammograms 
for women with a family or personal history of breast cancer. 
Although this approach is rational in. a cost-benefit analysis, 
75% of women with breast cancer have no known risk factors 
[14]. Furthermore, in a survey of 257 women undergoing 
mammography, Fox et al. [15] found that only 9% were 
asymptomatic; 46% had breast symptoms and were seeking 
mammographic confirmation of clinical findings. Fox et al. 
further noted that many women did not know why they were 
having mammograms. She concluded that women would 
more willingly participate if they were informed about the 
value of screening mammography, and that its underuse 
might be more the result of a lack of acceptance by physicians 
than resistance by patients. Although our survey showed that 
most physician respondents do not follow the ACS guidelines 
for mammographic screening, 80% answered that they would 
refer patients that requested annual mammographic screen- 
ing. 

In summary, Our survey revealed that only a small fraction 
of Los Angeles physicians currently follow the ACS guidelines 
for mammographic screening in women over 50. Neverthe- 
less, even though the demographic characteristics of the 
responding and nonresponding physicians were similar, our 
finding that about 10% of physicians follow the ACS quide- 
lines may be an overestimate for the whole population. The 
physicians who returned the questionnaire may have been 
more convinced of the value of mammography than those 
who did not. They may have been more likely to refer patients 
for mammography and more likely to reply to our question- 
naire than nonreferring physicians. 

The major reason given for not screening was the percep- 
tion of the examination as being high in cost and low in yield. 
In our study, these two issues (cost and yield) were combined 
to provide an index of the perceived cost effectiveness of 
mammographic screening. Fear of radiation-induced cancer 
was less important in preventing screening. It is encouraging 


that most of the physicians would not resist annual screening 
if requested by their patients and that younger and more 
recently trained physicians are more aware of the importance 
of screening mammography. Radiologists should accept the 
challenge of providing lower cost and high-quality screening 
mammographic examinations, as well as contributing to the 
education of both the public and referring physicians. 

Physicians, women’s advocacy groups, the mass media, 
and professional organizations can aid in the dissemination 
of information about the importance of screening mammog- 
raphy. Several successful pilot projects of low-cost mammog- 
raphy, supported by the ACS and the mass media, have 
recently been completed. Further projects are in the planning 
Stages and will aid in introducing women to the concept of 
breast-cancer screening. 
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Radiologic and Manometric 
Correlation in “Nutcracker 
Esophagus” 





“Nutcracker esophagus” is a newly described esophageal motor disorder seen in 
some patients with chest pain and/or dysphagia and characterized manometrically by 
normal primary peristalsis with distal contractions of high amplitude. The radiographic 
and manometric examinations in 20 patients with nutcracker esophagus were correlated. 
Normal primary peristalsis was observed radiographically in 16 patients, and a nonspe- 
cific motor disorder was diagnosed in the remaining four patients. Mild-to-severe 
nonspecific tertiary activity was seen in about half of the patients, esophageal wall 
thickness was normal. It is concluded that nutcracker esophagus is primarily a mano- 
metric diagnosis made in the appropriate clinical setting, and that the radiographic 
findings are normal or nonspecific. 


Esophageal motor disorders have long been recognized as a cause of chest pain 
or dysphagia. Disruption of primary esophageal peristalsis, spontaneous and 
repetitive contractions, and dysfunction of the lower esophageal sphincter are the 
major radiographic and manometric findings used to characterize many of these 
motor disorders. Radiographic evaluation of the esophagus is often diagnostic of 
the more specific types of primary esophageal motor disorders, such as achalasia. 
Additionally, it may suggest other primary or secondary motility disorders, such as 
diffuse esophageal spasm or scleroderma. 

In recent years, low-compliance infusion systems for esophageal manometry 
have been introduced. The improved fidelity of these systems for recording esoph- 
ageal body pressure has permitted more accurate assessment of peristaltic ampli- 
tude and duration [1, 2]. This has led to the identification of a group of patients 
presenting with chest pain and/or dysphagia having normal peristaltic contractions 
with distal amplitudes exceeding the normal range [8-6]. This entity has been 
called “high-amplitude peristaltic esophageal contractions” or, more simply, “nut- 
cracker esophagus.” We present 20 patients with nutcracker esophagus having 
manometric and radiographic correlation. 


Materials and Methods 


Over a period of 22 months, a diagnosis of nutcracker esophagus was made in our 
esophageal manometry laboratory in 20 patients, who also had a radiographic examination 
of the esophagus done within 1 week of their manometric examination. The group consisted 
of seven women and 13 men with a mean age of 50 years (range, 24-71 years). Eleven 
patients presented with both chest pain and dysphagia, eight patients had only chest pain, 
and one patient had only dysphagia. 

Esophageal manometry was performed using a round 8-lumen polyvinyl catheter with four 
distal openings 1 cm apart at 90° angles, and four more proximal openings 5 cm apart. Each 
lumen was continuously infused using a low-compliance pneumohydraulic capillary infusion 
system (Arndorfer Specialities, Greensdale, WI). The individual catheters were connected to 
external transducers with output directed to a Beckman physiograph recorder (model R-612, 
Norcross, GA). The catheter was positioned in the esophageal body at 3, 8, 13, and 18 cm 
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above the lower esophageal sphincter. Esophageal contractions were 
recorded in response to 10 wet swallows (5 ml H20) at 30-sec 
intervals. Based on 95 healthy controls, normal mean distal amplitude 
in our laboratory is 100 + 80 mm Hg (mean + 2 SD). The nutcracker 
esophagus therefore was defined by the presence of distal peristaltic 
contractions with a mean amplitude greater than 180 mm Hg. 

Radiographic examination of the esophagus was performed using 
remote-control machinery. A multiphasic examination of the esopha- 
gus was done on all patients and consisted of double-contrast, 
mucosal-relief, and full-column techniques [7]. Esophageal motility 
was assessed with the patient in the prone oblique position by 
observing several single swallows of barium traversing the length of 
the esophagus. The presence of tertiary activity and its severity were 
noted. A nonspecific esophageal motor disorder was defined radi- 
ographically if primary esophageal peristalsis was disturbed, but no 
specific motor disorder could be diagnosed. Esophageal wall thick- 
ness was also measured in 18 of the 20 patients with nutcracker 
esophagus, and was compared with 20 patients (seven women; 13 
men; mean age, 49 years) having both normal radiographic and 
manometric examinations of the esophagus. 


Results 


All patients were classified manometrically as nutcracker 
esophagus (i.e., normal primary peristalsis with high-ampli- 
tude distal contractions). The mean distal esophageal ampli- 
tude was 237 + 49 mm Hg (mean + 1 SD) with a range of 
185-359 mm Hg. Lower esophageal sphincter function was 
normal in 19 patients, and showed incomplete relaxation in 
the remaining patient. The Bernstein test for evaluating acid 
sensitivity of the lower esophagus was performed on 16 
patients, but was positive in only four. The edrophonium test 
[8] to provoke chest pain was used in 14 patients, but was 
positive in only two. 

Radiographic examination showed normal esophageal per- 
istalsis in 16 patients, with eight patients also demonstrating 
mild-to-severe tertiary activity of the esophageal body (Fig. 
1A). A nonspecific esophageal motor disorder was diagnosed 
in the remaining four patients on the basis of disruption of 
primary peristalsis, with tertiary activity demonstrated in three 
(Fig. 1B). The tertiary activity most often occurred sponta- 
neously. The mean esophageal wall thickness in those with 
nutcracker esophagus was 2.64 mm (range, 1.5-4.0 mm), 
compared with 2.55 mm (range, 2.0-3.5 mm) in the mano- 
metrically and radiographically normal patients (o > 0.05). 
Other radiographic diagnoses included hiatal hernia in 14, 
reflux esophagitis in three, and esophageal diverticula in three. 


Discussion 


The nutcracker esophagus, one of the more recently de- 
scribed esophageal motility disorders, is characterized by 
normal progressive peristalsis with distal contractions of high 
amplitude and long duration. The recent description of this 
manometric entity reflects the development of new technology 
and improvements in the equipment used in performing 
esophageal manometry. Nutcracker esophagus probably rep- 
resents a common motility disorder in patients presenting 
with chest pain and dysphagia, particularly if structural ab- 
normalities of the esophagus and cardiac disease have been 
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Fig. 1.—A, 66-year-old woman with chest pain. Primary peristalsis was 
normal radiographically, but moderate tertiary activity and hiatal hernia were 
present. Mean esophageal body pressure was 256 mm Hg (normal mean, 100 
mm Hg). B, 70-year-old man with dysphagia diagnosed as a nonspecific motor 
disorder with severe tertiary activity radiographically. Esophageal manometry 
showed normal primary peristalsis and a mean body pressure of 287 mm Hg 
(normal mean, 100 mm Hg). 


excluded. Currently, however, the prevalence of this esoph- 
ageal motor abnormality and its significance in relationship to 
symptoms have not been fully determined [4-6]. 

The nutcracker esophagus is primarily a manometric diag- 
nosis made in the appropriate clinical setting. Our findings 
confirm previous reports that the radiographic examination of 
the esophagus in this disorder is usually normal or shows 
only nonspecific findings, such as tertiary contractions [3-5]. 
This would be expected since primary esophageal peristalsis 
progresses normally in nutcracker esophagus. Four patients 
in our series, however, were diagnosed radiographically as 
nonspecific esophageal motor disorders on the basis of inter- 
mittent disruption of primary peristalsis and the presence of 
tertiary activity. Because primary peristalsis was intact man- 
ometrically in these four patients, the radiographic interpre- 
tations most likely represented false-positive errors. Perhaps, 
the presence of tertiary activity in three of these patients 
made radiographic evaluation of primary peristalsis more dif- 
ficult. Another possibility, since our examinations were not 
performed simultaneously, is that intermittent motor disturb- 
ances may affect some patients with nutcracker esophagus. 


= 
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Interestingly, mild-to-severe tertiary activity was demon- 
strated radiographically in approximately half of our patients. 
On manometric examination, however, spontaneous coritrac- 
tions were noted in only one of the patients with nutcracker 
esophagus. The significance of tertiary activity in our patients 
with nutcracker esophagus and the reason for its discrepant 
manometric and radiographic demonstration are uncertain. 
Spontaneous contractions may be seen less often mano- 
metrically because the 30-sec swallowing interval inhibits 
spontaneous activity, or because low-amplitude pressure 
waves are generally ignored owing to confusion with respi- 
ratory artifacts. In addition, nonocclusive esophageal contrac- 
tions, which are easily visualized radiographically, may not 
alter the intraluminal pressure and will not be detected man- 
ometrically. 

Also, the natural history of nutrcracker esophagus is not 
completely known, and such considerations as transformation 
of nutcracker esophagus to other primary motor disorders 
(e.g., diffuse esophageal spasm) or the presence of intermit- 
tent motor abnormalities (e.g., spontaneous contractions) in 
these patients remain possibilities. We have seen one patient 
in whom nutcracker esophagus progressed to diffuse esoph- 
ageal spasm, but have rarely observed manometric features 
of both diffuse esophageal spasm and nutcracker esophagus 
in the same individual. Similarly, Narducci et al. [9] have also 
reported a case of transition from nutcracker esophagus to 
diffuse spasm. These observations support the concept that 
intermediate types of motility disorders exist and possibly 
represent transitional forms within a spectrum of related 
motor disorders [10]. Prolonged manometric monitoring and 
simultaneous radiographic-manometric studies in patients 
with nutcracker esophagus, along with long-term evaluation, 
will be needed to study these questions. 

The presence of tertiary activity radiographically is often a 
nonspecific finding that may relate to the patient's age or to 
the presence of an inflammatory, neoplastic, or motor disorder 
of the esophagus. In particular, the observation of sponta- 
neous esophageal contractions is important in the diagnosis 
of diffuse esophageal spasm, which may mimic the clinical 
and radiographic findings seen in some patients with nut- 
cracker esophagus. The major manometric criterion for diag- 
nosing diffuse esophageal spasm is intermittent normal 
peristalsis with simultaneous contractions, which are often 
repetitive and spontaneous in nature [10, 11]. Radiographic 
findings in diffuse esophageal spasm are usually nonspecific, 
but may suggest a diagnosis that will require manometric 
confirmation [12]. Thickening of the esophageal wall is fre- 
quently present in patients with diffuse esophageal spasm 
and was not found in our patients with nutcracker esophagus 
[12]. 
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in conclusion, nutcracker esophagus appears to be a com- 
mon esophageal motor disorder in patients with otherwise 
unexplained chest pain and dysphagia. These patients are 
being increasingly diagnosed and are often referred for radi- 
ographic evaluation of the esophagus. The radiologist must 
be aware that there are no specific findings to make this 
diagnosis radiographically. Although tertiary activity may be . 
seen in nutcracker esophagus, its significance is not known 
at the present time. Nutcracker esophagus, therefore, re- 
mains a Clinical consideration in the patient who has chest 
pain or dysphagia but who has a normal radiologic evaluation 
of the esophagus. The radiographic examination remains 
useful, however, in evaluating structural or other functional 
disturbances of the esophagus in patients with chest pain or 
dysphagia. 
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Radiology of Adverse Reactions to Drugs and Toxic Hazards. By George Ansell. Rockville: Aspen, 357 pp., 


1985. $40 


This book underlines the importance of the ever-increasing number 
of morbid reactions to drugs, toxins, and professional hazards, and 
it stresses the role of radiology in diagnosing and evaluating these 
entities. It represents the revised second edition of a similar book 
published in 1974 by a British radiologist, Dr. Ansell, who for many 
years manifested interest and acquired great expertise in this impor- 
tant facet of radiology. The book is divided into five chapters accord- 
ing to the organ or system involved. The effects of different toxic 
substances are described whenever feasible under specific subhead- 
ings, such as allergic reactions, coagulopathies, and ulcerations. A 
great variety of drugs and toxic agents from common to esoteric, 
including their source of origin, pathophysiology, and the expected 
radiographic abnormalities are concisely discussed. A comprehensive 
index is available and an impressive list of references is provided at 


the end of each chapter to satisfy the need for a more exigent 
investigator. Examples of some radiographic abnormalities are found 
in the 154 illustrations, most of which are plain films or old conven- 
tional contrast examinations. Unfortunately, many of the reproduc- 
tions are poor or of limited quality and the few CT images shown are 
probably done on primitive early-generation scanners. 

Despite these deficiencies, this is a well-written, useful summary 
that permits easy access in a single comprehensive volume to infor- 
mation difficult to obtain otherwise. It should be helpful not only to 
radiologists but to clinicians and investigators concerned with adverse 
reactions to drugs, poisons, and industrial hazards in humans. 

Emil J. Balthazar 
NYU Medical Center 
New York, NY 10076 


Radiology of Lymphomas. Edited by J.-N. Bruneton and M. Schneider. Berlin: Springer-Verlag, 115 pp., 1986. 


$56.50 


This small text was a pleasure to review. Its 115 pages are 
extremely well-referenced (681 references, but 1984 the most recent). 
The book must have been completed in 1984 because there are few 
MR images and the extensive references are complete through 1983 
with only a few from 1984. 

After an introductory section on the classification of the lympho- 
mas, the text is organized along anatomic lines, which | found to be 
logical and easy to follow. The first chapter includes an understand- 
able overview of the numerous classifications of the lymphomas, 
including the newer Working Formulation for Clinical Usage. 

Differential considerations are included in each of the anatomic 
chapters with tables to show clinical and radiologic issues that affect 
the diagnosis. Most of the discussions assume that the patient is 
seen on initial disease presentation, with only a brief overview of the 
imaging challenges on follow-up, subsequent to treatment. In the 
pulmonary section, there is a brief and incomplete discussion on 
radiation changes. The reproductions throughout the book are of 
excellent quality (with only one reversal error). 

As with any new text, there are a few errors, but none that detracts 
from the readability of the book, which can serve either as a primary 
review of this group of diseases or as a reference. | would have 
included a more complete discussion of the implications of the low- 


and high-grade non-Hodgkin's lymphomas because | believe they 
have a major impact on the understanding of the behavior of the non- 
Hodgkin's lymphomas. Greater emphasis on the challenge of disease 
recurrence would have been heipful, as would more discussion of the 
role that CT and, now, MR can play in making this differential 
diagnostic challenge more specific. Inclusion of some interventional 
procedures, including a discussion of the difficulties of percutaneous 
biopsy on initial diagnosis, also would have been useful. Finally, an 
inclusion of the primary forms of non-Hodgkin's lymphoma and how 
they differ from disseminated lymphoma would heip in understanding 
the presenting features of primary non-Hodgkin's lymphoma and the 
implications for treatment in both the localized forms of disease and 
the high- vs low-grade settings of non-Hodgkin's lymphoma. 

Despite these deficiencies, | recommend Radiology of Lymphomas 
as a concise, well-referenced, well-illustrated, and nicely organized 
review of the radiologic implications of this fascinating group of 
diseases. 


David G. Bragg 
University of Utah School of Medicine 
Salt Lake City, UT 84132 
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Radiographic Efficacy in 
Gastric Ulcer: Comparison of 
Single-Contrast and Multiphasic 
Examinations 





The efficacies of singie-contrast and multiphasic examinations of the stomach for 
gastric uicer detection were compared in $0 patients with 102 gastric ulcers, and in a 
control group of 382 patients without gastric ulcer. Single-contrast and multiphasic 
sensitivities were 62% and 64%, respectively. Radiographic detection depended. signif- 
icantly on ulcer size: Only 24% of ulcers under 5 mm were detected, compared with 
89% of ulcers 5 mm or larger. Radiographic specificities and positive predictive values ` 
were similar for both types of examination. Moderate variation of the sensitivities and 
specificities of the three radiologists was observed, with ranges of 53-69% and 90- 
98%, respectively. Results indicated that gastric ulcer detection is more related to ulcer 
size and to individual interpretive variations than to the type of examination. 


in a previous study we noted that no significant difference may exist between 
the sensitivities of single- and double-contrast upper gastrointestinal examinations 
for detection of gastric ulcer, and that the size of an ulcer strongly affected its 
likelihood of detection [1]. However, the double-contrast method used for that 
study did not routinely include compression or mucosal relief films of the stomach, 
and we proposed multiphasic examination of the stomach as a more effective 
method for detecting gastric inflammatory lesions. For the present study, we 
compared the efficacies of single-contrast and multiphasic examinations of the 
stomach in the diagnosis of gastric ulcer. Gastric-ulcer size and examiner variability 
were also investigated as determinants of successful radiologic detection. 


Materials and Methods 


We reviewed all the endoscopic and radiographic records at our institution from July 1980 
to June 1985; we consecutively selected the patients who had both radiographic and 
endoscopic examination of the stomach done within 1 week of each other, and who had an 
endoscopic diagnosis of gastric ulcer or normal stomach. The patients were divided into two 
groups: (1) the gastric ulcer (GU) group consisted of 90 patients (47 women, 43 men) with a 
mean age of 57 years (range 17-82) and with 102 gastric ulcers diagnosed endoscopically, 
and (2) the normal (NL) group consisted of 382 patients (214 women, 168 men) with a mean 
age of 52 years (range 17-88) and with a normal stomach diagnosed endoscopically. 

In the GU group, single-contrast upper gastrointestinal examinations were done in 41 
patients and multiphasic examinations were performed in 49 patients. In the NL group, 206 
patients were examined by the single-contrast method and 176 patients by the multiphasic 
technique. Patients were selected for single-contrast examination if they were scheduled for 
a small-bowel study afterward or if they were debilitated or uncooperative. In the GU group, 
14 (34%) of 41 patients having a single-contrast examination had a concomitant small-bowel 
series, suggesting that many of these patients were debilitated and more difficult to examine 
than those who had multiphasic examinations. 

Endoscopy was performed with Olympus instruments (Olympus Corp., Lake Success, NY) 
by faculty gastroenterologists or by directly supervised fellows. An endoscopic diagnosis of 
gastric ulcer was made when a surface excavation was felt to have sufficient depth to indicate 
penetration beyond the muscularis mucosae. Gastric ulcers were routinely biopsied and their 
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size noted, as determined by comparison with the known diameter 
of the endoscopic biopsy forceps. 

Radiology was performed by gastrointestinal radiologists or by 
residents supervised by faculty during fluoroscopy and film interpre- 
tation. Single-contrast examinations included compression and mu- 
cosal relief films of the stomach using a small amount of barium 
suspension of moderate density (Liquid Sol-o-pake, E-Z EM Co., 
Westbury, NY). After further barium filling of the stomach, prone, right 
anterior oblique, right lateral, supine, and left posterior oblique films 
were obtained, the latter depicting variable portions of the gastric 
antrum in double-contrast relief. Multiphasic examinations included 
initial compression and mucosal relief films of the stomach using a 
smali amount of a high-density barium suspension (E-Z-HD, E-Z EM 
Co.). Double-contrast views (obtained after ingestion of gas-produc- 
ing granules, 10 ml water, and additional high-density barium) con- 
sisted of supine, left posterior oblique, right lateral, right anterior 
oblique, and prone films. Further visualization of portions of the gastric 
antrum in double-contrast relief were obtained during filming of the 
duodenum. 

Final assessment of gastric-ulcer size was based on direct meas- 
urement of the ulcers when they were visible radiographically, or on 
endoscopic estimation when they were not. Ulcers were categorized 
by size as under 5 mm, 5-10 mm, and over 10 mm. All radiographic 
examinations were reviewed to determine the type of study per- 
formed, the radiologist interpreting the examination, and the confi- 
dence level for the diagnosis of gastric ucler by each of three faculty 
radiologists. A radiographic confidence level of 1-3 (low to high) was 
assigned retrospectively to each ulcer diagnosed, using previously 
defined criteria [2]. 

Radiologic sensitivity and specificity were determined using the 
` originai radiologic reports. The results of endoscopy were accepted 
as the final criterion in assessing radiographic efficacy. Chi-square 
statistics were calculated to test for equality of frequency distributions 
of ulcers by size, assuming that multiple ulcers in the same person 
were independent observations. We aiso assumed that patients 
examined by each radiologist were a random sampling from the 
consecutive series. 


Results 


A total of 102 gastric ulcers were found endoscopically in 
the GU group. The overall radiographic sensitivity was 63%, 
with only 24% of uicers under 5 mm detected, compared with 
89% (54/61) of ulcers that were 5 mm or larger (Table 1). The 
overall sensitivity of single-contrast radiography was 62%, 
with 32% detection of ulcers less than 5 mm and 82% (23/ 
28) detection of larger ulcers (Table 2). The sensitivity of the 
multiphasic examination was 64%, with 18% detection of 
ulcers less than 5 mm and 94% (31/33) sensitivity for ulcers 
.5 mm or larger (Table 2). Statistical analysis showed a signif- 
icant relationship {p < 0.01) between ulcer size and radi- 
ographic detection, regardless of the technique used. No 
significant difference in sensitivity was noted between the 
two types of examinations. 

In the NL group, 358 patients had normal radiographic 
examinations, and 24 had false-positive ulcer diagnoses, for 
an overall specificity of 94%. The specificities for the single- 
contrast and multiphasic examinations were 96% and 92%, 
respectively. In addition, seven false-positive diagnoses were 
made in patients with gastric ulcers. Based on a total of 31 
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TABLE 1: Radiographic Sensitivity for Gastric Ulcers by Size 


Ulcer Size No. Seen No. Detected Radiographic 

(mm) Endoscopically Radiographically Sensitivity (%) 
<5 41 10 24 
5-10 29 . 25 86 
>10 32 29 91 


Total 102 64 ` 63 


TABLE 2: Gastric-Ulcer Sensitivities for the Single-Contrast and 
Multiphasic Examinations 
ELLE LIONEL RELL DEES ED LON LEE ESE LOAN e e E LAGER EN e a E SILER ARERR 


Single-Contrast Multiphasic 
Ulcer Size No. No. 
(mm) No.2 Dectected® = =No."— Dectected? 

(%) (%) 
<§ 19 6 (32) 22 4 (18) 
5-10 15 12 (80) 14 13 (93) 
>10 13 11 (85) 19 18 (95) 
Total 47 29 (62) 55 35 (64) 


Note.—-Single-contrast examinations were done in 41 patients; multiphasic examinations 
were done in 49 patients. 

a No. = Number of ulcers determined by endoscopy. 

>No. detected = Number of ulcers detected radiographically. 


TABLE 3: Statistical Parameters and Average Confidence Level 


of Three Radiologists 
ERLE LLL INSITE DIO TELLS NOELLE LAREN GLEE E TEE ENCE IOS IONE E RSE NEUEN A U 
Radiologist 
Parameter 
A B C 
Sensitivity (%) 9/17 (63) 24/40 (60) 31/45 (69) 
Specificity (%) 56/62 (90) 146/160 (91) 156/160 (98) 
Positive PV" (%) 9/17 (53) 24/41 (59) 31/37 (84) 
Average confidence level 
(range 1-3) 2.56 2.71 2.87 


SAO I A A IE IT IE IE EEE SIS ATTEN EER EA IE EE IID TROT IE LO, RRR LEE SLL t a a a TILED, 
2 Predictive value (includes false-positive diagnoses in both normal and gastric-ulcer 
groups). 


false-positive diagnoses, the overall positive predictive value 
for all gastric-ulcer diagnoses was 67% (64/95) in a population 
with an ulcer prevalence of 19%. The positive predictive 
values and ulcer prevalences were not significantly different 
between the two types of radiographic examinations. 

Comparison of the sensitivities and specificities of the three 
faculty radiologists showed ranges of 53-69% and 90-98%, 
respectively (Table 3). The true-positive and false-positive 
fractions were inversely related, the opposite of what we 
would expect if we were operating on the same receiving- 
operator-characteristic curve [3]. The positive predictive val- 
ues, using the total number of false-positive diagnoses for 
each radiologist, varied from 53% to 84% (Table 3). individual 
positive predictive values correlated directly with the average 
confidence level for each examiner, suggesting that a more 
confident diagnosis of gastric ulcer was associated with a 
better predictive value. 
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Discussion 


The results of this study confirm our previous investigations 
that radiographic detection of peptic ulcer depends largely on 
ulcer size [1, 2, 4]. In this investigation, only 24% of gastric 
ulcers under 5 mm were detected, compared with 89% of 
larger ulcers. Previous results were 48% for the minute ulcers 
and 81% for larger ulcers. The reason for poorer sensitivity 
in the current study for ulcers under 5 mm is unclear. Radi- 
ographic techniques were similar except for the incorporation 
of compression and mucosal relief filming into the double- 
contrast examination. Possibly the endoscopic criteria for 
inclusion of minute ulcers (vs gastric erosions) may have 
varied between investigations, or the attitudes of the radiol- 
ogists interpreting the examinations may have changed, with 
less attention paid to the diagnosis of minute ulcers. 

Comparison of gastric-ulcer detection by the single-con- 
trast and multiphasic examinations showed sensitivities of 
62% and 64%, respectively. Both examinations poorly de- 
tected gastric ulcers less than 5 mm, with detection rates 
depending significantly on the size of the ulcer rather than on 
the type of examination. The multiphasic examination showed 
a slightly better sensitivity (94% vs 82%) for detection of 
ulcers 5 mm or larger, while the single-contrast study detected 
more minute ulcers (32% vs 18%). Our previously reported 
gastric-ulcer detection rate for the double-contrast examina- 
tion was 62%, almost identical to the 64% sensitivity of the 
multiphasic examination achieved in the present investigation. 

Thus, the multiphasic examination used in this study, in- 
corporating early compression and mucosal relief filming along 
with standard double-contrast views, did not significantly 
improve detection of gastric ulcer in comparison with single- 
contrast radiography or a simple double-contrast method. 
One potential criticism of our multiphasic technique is the use 
of a high-density barium suspension for compression filming. 
This suspension may have made the compression technique 
less effective than that performed with a less dense barium. 

The finding that many minute gastric ulcers were not de- 
tected radiographically, regardiess of the technique used, is 
not surprising. As a comparison, radiographic sensitivities in 
patients with erosive gastritis have also been shown to be 
poor, with reported detection rates ranging from 0-57% [5]. 
We would expect small and relatively shallow gastric ulcers 
to be similarly difficult to demonstrate radiographically. En- 
doscopy depends on a difference in color, as well. 

The specificities and predictive values were similar for both 
types of examinations. The overall specificity of the radi- 
ographic examination was 94%, reflecting a relatively low 
false-positive fraction. However, the positive predictive value 
was only 67%, indicating that about one-third of the gastric 
ulcer diagnoses were false-positive errors. This proportion is 
not unexpected in view of the low prevalence (19%) of gastric 
ulcer in this series [6]. Therefore, our overall results suggest 
that approximately one-third of gastric ulcers, mostly those 
under 5 mm in size, will not be detected radiographically, and 
that about one-third of ulcer diagnoses will be incorrect in a 
population with a low gastric-ulcer prevalence. 
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The radiologists interpreting the examinations in this study 
showed moderate variability in their sensitivities and specific- 
ities. The false-positive fraction for each radiologist showed 
an inverse relationship to his sensitivity, suggesting that the 
receiving-operator-characteristic curves were different for 
each radiologist if we assume that the populations were 
similar. However, a direct correlation was demonstrated De- 
tween the positive predictive values of each radiologist and 
his average confidence level for gastric-uicer diagnosis. We 
have previously shown a similar relationship in the diagnosis 
of duodenal ulcer [2, 4]. 

The results of this investigation and our previous studies 
on gastric and duodenal ulcer suggest that the radiologic 
detection of peptic ulcer is primarily related to ulcer size, and 
secondarily to variations among the radiologists performing 
and interpreting the examinations. The specific type of radi- 
ographic examination had no significant relationship to the 
detection of gastric ulcer. Furthermore, the multiphasic ex- 
amination of the stomach, contrary to expectation, did not 
improve our detection of minute uicers. 

Our results suggest that in the upper gastrointestinal tract 
a threshold exists for the accurate radiographic demonstra- 
tion of small mucosal excavations, and that tiny peptic lesions 
are poorly detected with current radiologic methods. Minute 
gastric ulcers and isolated erosions, which are easily discern- 
ible endoscopically, will not be demonstrated radiographically 
in many patients with these lesions. As a result, the added 
time and expense of a thorough multiphasic examination of 
the stomach may not be justified if the goal is detection of 
subtle mucosal inflammations. 

A matter that warrants comment, however, is the necessity 
for detecting all minute mucosal lesions of the stomach before 
treatment is started. Most patients with dyspepsia have be- 
nign, often minor, inflammatory disease of the upper gastroin- 
testinal tract, with a risk of malignancy estimated to be less 
than 1% [7]. Because of cost, routine initial diagnostic eval- 
uation of dyspepsia has been discouraged [7-9]. The general 
strategy of reserving radiographic or endoscopic examination 
for those with persistent symptoms after a course of therapy 
is increasingly recommended [7-9]. Because upper gastroin- 
testinal radiology is currently less expensive and safer than 
endoscopy, the radiographic examination, if desired, remains 
a reasonable approach to exclude potentially serious disease 
before starting therapy [9-12]. 
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Radiologic Findings of 
Linear Gastric Erosions 





Long, linear, shallow barium collections were observed on the surface of the gastric 
rugae on barium studies of the upper gastrointestinal tract in 12 patients. These 
abnormalities have been confirmed endoscopically to represent long, continuous linear 
erosions of the gastric mucosa due to erosive gastritis. 


Using the double-contrast technique, we have noted long, linear barium collec- 
tions on the surface of the gastric rugae in patients with abdominal symptoms. 
Although little has been reported about such radiologic abnormalities, linear lesions 
on the gastric rugae have been recognized by endoscopists as a finding of erosive 
gastritis [1, 2]. 


Subjects and Methods 


Twelve patients, whose upper gastrointestinal (UGI) series demonstrated linear niches on 
the surface of gastric mucosal folds and whose endoscopy showed linear redness, were 
analyzed. There were three men and nine women ranging in age from 18 to 60 years. All 
were symptomatic, the major symptoms being upper abdominal pain and discomfort. The 
radiologic and endoscopic findings were compared. 

The UGI study was performed with 200 ml of barium suspension. An intramuscular 
anticholinergic agent was administered before the examination. The posterior and the anterior 
walls of the stomach were individually studied by the double-contrast technique [3]. Endos- 
copy was performed within 3 weeks before or after the radiologic study. 


Results 


The shallow, linear niches were seen most frequently in the distal portion of the 
body of the stomach and antrum. No linear niches were demonstrated in the fornix. 
Associated lesions such as varioliform erosions or gastric ulcer scars occurred in 
all but one of the cases. The linear lesions were not demonstrated on single- 
contrast studies, except for one case in which the lesions were shown with 
compression. Radiographs of a representative case are shown in Figure 1. 

The shape, number, and location of the lesions detected on radiographs corre- 
lated well with the abnormality seen on endoscopy in all 12 cases. In one case, the 
UGI series showed linear erosions only in the antrum, while endoscopy revealed 
linear lesions in the body of the stomach as well. Linear lesions with pooling of 
indigo carmine instilled into the stomach through the endoscope were noted 
endoscopically in the lesions (Fig. 2). The lesions in the body were not accompanied 
by dye pooling, showing only linear redness. 


Discussion 


The usefulness of the double-contrast technique for delineating minute gastric 
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lesions has been well established [3-7]. We have frequently 
encountered a long linear niche situated on the ridges of the 
gastric rugae using this technique. Although little has been 
published about such radiologic findings, similar linear lesions 
have been recognized by endoscopists as a sign of erosive 
gastritis since their first description by Henning in 1956 [8]. 
The morphologic similarities have led us to assume that the 
linear collections on UGI studies are radiologic equivalents of 
the endoscopic linear erosion. 

In our series of 12 cases, shallow, linear, depressed lesions 
accompanied by redness were confirmed endoscopically in 
the regions where a linear niche on the mucosal ridges had 
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Fig. 1.—Double-contrast upper gas- 
trointestinal examination of stomach. A, 
Prone projection shows several long lin- 
ear niches on gastric rugae of anterior 
wall (arrows). B, Supine projection shows 
long linear niches on posterior wall (ar- 
rows). 


Fig. 2.—A, Prone projection of stom- 
ach demonstrates prominent linear shad- 
ows in anterior wall of antrum (arrows). 
Varioliform erosions are also noted. B, 
Endoscopy of corresponding region re- 
veals linear areas on which instilled dye 
(indigo carmine) is pooled (arrows). 


been radiologically demonstrated. The radiologic findings al- 
most certainly represent barium pooled in the linear depres- 
sions located on the rugal ridges. This presumption is con- 
firmed in the case mentioned earlier in which there was no 
radiologic evidence of linear lesions in the region where no 
depression was noted endoscopically, but where there was 
linear redness. 

It has been previously reported that varioliform erosions 
are inclined to align along the gastric rugae [9], and short 
linear shadows also have been found as a result of erosive 
gastritis [6, 10, 11]. However, the linear barium collections in 
Our series are longer and more continuous, and correspond 
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in location to the top of the gastric rugae. Three cases with 
similar findings were reported by Nanaumi [12], who called 
them “comb niches.” 

We have seen a number of cases in which endoscopy 
performed more than a month after the barium study failed to 
demonstrate linear lesions corresponding to the radiologic 
linear shadows. This is due to the rapid resolution of erosive 
gastritis with or without treatment, which is well documented 
[13, 14]. 

The pathologic significance of these long linear lesions is 
uncertain, but they most likely constitute a part of the acute 
gastric mucosal lesion described by Katz and Siegel [15] and 
Katoh et al. [16]. No characteristic clinical symptom or sign is 
associated with these lesions, and there is no therapeutic 
significance in differentiating long linear erosions from short 
linear or varioliform erosions. With improvement of the double- 
contrast technique, it has become increasingly common to 
note these long linear shadows on the gastric rugae on UGI 
studies. It is clinically useful to recognize them considering 
that most patients with linear lesions have erosive gastritis 
and are symptomatic. However, because of the relatively low 
sensitivity of the radiologic study [5, 7], the endoscopic ex- 
amination should remain the primary method of examining 
patients with suspected erosive gastritis. 
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CT of Appendicitis 





The CT findings of 38 consecutive patients with acute appendicitis are analyzed, 
described, and illustrated. CT showed intraabdominal disease in 92% of patients and 
made a specific diagnosis of appendicitis in 79% of cases. The most common CT 
findings were pericecal inflammation (68%), abscess (55%), calcified appendicolith 
(23%), and an abnormal appendix (18%). CT had a sensitivity similar to that of contrast 
enema examinations, but it correlated much better with the surgical findings in detecting 
the precise nature, extent, and location of the disease process. Normal CT does not 
exclude appendicitis, since mild forms without periappendiceal disease may escape 
detection. 


The diagnosis of appendicitis is usually made on the basis of clinical and 
laboratory findings. In clinical practice, however, many patients with atypical pres- 
entations require radiographic examinations for diagnosis or confirmation. While 
the usefulness and shortcomings of plain abdominal films and barium enema 
examinations are well established [1-13], the sensitivity and potential role of CT in 
the diagnosis of appendicitis have not yet been adequately analyzed and reported 
in the literature [14-16]. Recently, the high-resolution images obtained with the 
new-generation CT scanners have permitted a more comprehensive evaluation of 
other primary inflammatory intestinal lesions, such as Crohn’s disease and divertic- 
ulitis [17-22]. These findings prompted us to review the cases of 38 consecutive 
patients with proven appendicitis who were examined at our institution during the 
past 4 years. This report attempts to assess the role played by CT in the diagnosis 
and evaluation of patients with acute appendicitis. We will (1) describe and illustrate 
the specific and suggestive CT findings, (2) analyze the sensitivity and pitfalls of 
CT diagnosis, and (3) compare and correlate CT features with those seen on plain 
films and barium enema examinations. 


Normal Appendix 


During routine CT abdominal examinations the appendix is seldom visualized. 
Visualization depends in great measure on the amount of intraperitoneal fat, the 
adequate demonstration of terminal ileal loops and cecum, the type and quality of 
CT examination, and the diligence of the examiner. Depending on its orientation, 
the normal appendix appears as a small tubular or ringlike density in the right lower 
abdomen (Fig. 1). It can be fluid- or air-filled and has a thin wall and sharp outer 
contour, It is enveloped by the homogeneous fat density of the normal mesenteric 
structures and may be located in the pelvis or posterior to the right colon in a 
retrocecal position. Appendicoliths may be seen in asymptomatic individuals pre- 
senting as ringlike or homogeneous calcific densities associated with a normal- 
looking appendix. Without the expected inflammatory changes indicative of appen- 
dicitis, the presence of air, fecal matter, or calcifications in the appendix has no 
immediate clinical implications. 
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Fig. 1.—Normal appendix. A, Small, thin-walled tubular structure is seen arising from a partially distended, 
fecal-filled cecum (arrow). Terminal ileum is filled with barium. B, Adjacent section shows appendix as a 


small, air-filled ringlike structure with a sharp inner and outer contour (arrow). 


Materials and Methods 


This series included 38 patients with acute appendicitis, all proven 
by surgery and pathologic examination. There were 27 men and 11 
women with an age range of 16 to 80 years and a mean age of 43.3 
years. The clinical presentation was generally suggestive of an in- 
traabdominal septic process, but many patients had atypical features 
such as pyuria, hematuria, normal white blood count, pain without 
localized tenderness, small-bowel obstruction, and normal tempera- 
ture. For this reason radiographic examinations, including CT, were 
requested and performed to assess the presence, origin, and extent 
of the suspected intraabdominal disease. All patients had plain ab- 
dominal radiographs and CT examinations done within 48 hr of 
admission, and in 19 patients, contrast enemas (barium or water 
soluble contrast material) were also performed. In most patients CT 
was performed initially, and in all cases the CT findings were inter- 
preted without the knowledge of the barium enema results. CT 
examinations were done on 8800 and 9800 GE units using standard 
techniques. Unless contraindicated, patients received an IV infusion 
of contrast material, and 36 patients were given 750-800 ml of 
diluted barium solution 40 to 45 min before scanning. Transaxial 
images 10 x 10 mm (21 patients) and 10 x 15 mm (17 patients) were 
obtained initially. In addition, in five patients 5 x 5 mm sections over 
the region of interest were repeated. 


Results 


On the basis of the original CT interpretation, a diagnosis 
of acute appendicitis was made in 30 patients (79%) but was 
missed in eight patients (21%). In this latter group, CT was 
reported as normal in three patients (8%), but showed intraab- 
dominal disease interpreted to be of a different origin in five 
patients. 

Pericecal inflammation appearing as a hazy, ill-defined, 
increased density of the pericolic fat was the most common 
finding (26 patients, 68%) (Fig. 2). The process was either 
localized, usually adjacent and medial to the cecum, or more 
diffuse involving a larger portion of the mesentery. It was 
seen alone or associated with other findings; it commonly 
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Fig. 2.—Acute appendicitis with severe pericecal 
inflammation. Hazy, ill-defined, linear, and streaky 
densities are seen in right lower quadrant (arrows). 
Process is focal and is located inferior and medial 
to the cecum and adjacent to terminal ileal loops. 


contained linear and streaky densities and occasionally acted 
as a phlegmonous mesenteric mass displacing adjacent ileal 
loops (Fig. 2). 

Abscesses were the second most common abnormalities 
and were seen in 21 patients (55%). They appeared as 
extraluminal, low-attenuated fluid collections that were either 
ill defined or partially encapsulated (15 patients) (Fig. 3) or as 
mixed soft-tissue and fluid densities accompanied by blurring 
and thickening of the surrounding fascial planes (6 patients) 
(Fig. 4). Abscesses varied in size from 2 to 10 cm and were 
located (in order of frequency) (1) in the right lower quadrant 
medial to cecum, (2) in the pelvis, (3) posterior to the ascend- 
ing colon, or (4) within the right paracolic gutter. In this series, 
three abscesses had air-fluid levels. 

Appendicoliths were seen in nine patients (24%), appearing 
either as a ringlike (Fig. 3) or as a homogeneous round calcific 
density. They were located in the right lower abdomen in the 
vicinity of the cecum and were always accompanied by a 
focal inflammatory reaction or an adjacent abscess (Fig. 3). 
Solitary appendicoliths were seen in eight patients, and two 
small appendicoliths were present in one patient. 

An abnormal appendix was identified in seven patients 
(18%). The appendix was located in the right pelvis, inferior 
to the cecum and adjacent to barium-filled intestinal loops 
(Figs. 5 and 6). On cross section it appeared as a ringlike 
structure having a symmetrically and circumferentially thick- 
ened wall and an associated periappendiceal inflammatory 
reaction. The lumen was either slightly distended and fluid- 
filled (Fig. 5) or almost totally collapsed (Fig. 6). 

Small regional mesenteric nodes were seen in two patients 
(5%). Three patients (8%) had evidence of mechanical small- 
bowel obstruction presenting with markedly distended, fluid- 
filled intestinal loops and a collapsed colon. Circumferential 
thickening of the wall of the cecum and terminal ileum and 
regional mesenteric inflammation were identified in two pa- 


ls 
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Fig. 3.—Appendiceal abscess. Extraluminal, ill- 
defined fluid collection is present in right lower 
quadrant (arrows). Ringlike calcification (arrow- 
head) represents an appendicolith. 


Fig. 4.—Appendiceal abscess presenting as a 
large soft-tissue density with areas of decreased 
attenuation (arrows) displacing adjacent small- 
bowel loops. 
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Fig. 5.—Acute appendicitis with demonstration of an abnormal appendix. Cross section (A) and a slightly 
oblique section (B) demonstrate fluid-filled thick-walled appendix (arrows) and periappendiceal inflammatory ening of appendix (arrow) and evidence of inflam- 


changes. Surgery revealed a markedly distended and inflamed appendix measuring 8.5 x 1.3 cm. 


tients (5%). The bowel wall was dense, probably secondary 
to contrast enhancement, and the appearance was similar to 
other inflammatory processes, particularly Crohn’s disease 
(Fig. 7). 


CT Contrast Enema Correlation 


In five cases (13%), calcified appendicoliths were recog- 
nized on plain abdominal films. In addition to the CT studies, 
contrast enema examinations were performed in 19 patients. 
In this group, 18 had abnormal CT examinations (sensitivity 
94%) and 17 had abnormal contrast studies consistent with 
appendicitis (sensitivity 89%). There were two cases with 
abnormal CT and normal contrast enema examinations (Fig. 
8) and one case with normal CT but positive contrast enema. 
Contrast enema studies missed retrocolic abscesses in two 


Fig. 6.—Appendicitis causing symmetric thick- 


mation in adjacent fat (arrowheads). 


patients with retrocecal appendices, and CT failed to visualize 
a pericecal abscess in a patient with distended, fluid-filled 
small-bowel loops. Calcified appendicoliths were visualized 
almost twice as often on CT (24%) as on conventional studies 
(13%); however, the sensitivity of CT and contrast studies to 
diagnose appendicitis was approximately equal in this series. 


Discussion 


Although some of the CT findings of appendicitis have been 
described [14-16], the role of CT in the diagnosis and eval- 
uation of patients with acute appendicitis has not been pre- 
viously evaluated. CT has been shown to be a valuable 
adjunct to conventional contrast enema and to be particularly 
useful in diagnosing severe forms of appendicitis associated 
with phlegmons or periappendiceal abscesses. Like other 
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Fig. 7.—Pericecal phlegmon secondary to perforated appendicitis. A, At level of ileocecal junction, CT 
reveals pericecal inflammation and enhancement of wall of terminal ileum (open arrow). B, Adjacent section 
shows markedly thickened cecal wall (solid arrow) and slight wall thickening of terminal ileum (open arrow). 
CT and surgical findings were consistent with Crohn's disease. Pathologic specimen revealed indurated and 
chronically inflamed terminal ileum and cecum secondary to perforated appendix. 


radiographic methods, CT is performed mainly in patients 
presenting with atypical clinical and laboratory findings when 
the diagnosis is unknown or when an intraperitoneal inflam- 
matory process is suspected, but the therapeutic approach 
is based mainly on the radiographic confirmation. This is the 
case for the use of CT in this series of cases. These patients 
are not representative of all patients with appendicitis since 
they had atypical clinical features, a greater mean age, and 
were selected by clinicians for radiographic examinations. 
Depending on the severity of the disease and the time of the 
examination, the CT findings should be expected to vary in 
different series. 

In this series of patients with proven appendicitis, the CT 
examination established the presence of intraabdominal dis- 
ease in 35 cases (92%), while making a specific diagnosis in 
30 cases (79%). A retrospective analysis of the CT studies 
indicates that various radiographic features have different 
diagnostic significance. They can be divided into primary and 
secondary signs: (1) Primary signs are represented by the 
demonstration of a diseased appendix and/or appendicolith 
with associated inflammatory response in the pericecal fat. 
These findings can be considered pathognomonic. They were 
present in 13 patients (34%) in our series. (2) Secondary signs 
such as pericecal inflammation and/or pericecal, retrocecal, 
and right paracolic abscesses are highly suggestive and were 
seen in 15 cases (39%) in our series. Mesenteric or pelvic 
phlegmons or abscesses far away from the cecal caput, 
particularly in the pelvis (Fig. 9), are additional secondary 
signs compatible with but not diagnostic of appendiceal dis- 
ease. They were present in 10 patients (26%) in our series. 
Because of the mobility of the right colon as well as variations 
in the size and position of the appendix, abscesses of appen- 
diceal origin often have an unexpected intraperitoneal or 
retroperitoneal location. They may be located in the left pelvis, 


Fig. 8.—Retrocecal appendicitis. CT examina- 
tion reveals an encapsulated fluid collection repre- 
senting an abscess (solid arrow) located posterior 
to ascending colon (open arrow). Barium enema 
showed no abnormalities. 


subhepatic space, or in the mesentery between loops of small 
bowel, making their origins difficult to identify (Figs. 9 and 10). 

Among the eight cases in which the diagnosis of appendi- 
citis was missed, three were interpreted as normal and five 
were incorrectly diagnosed. In the former group two patients 
had proven appendicitis with small appendices and without 
periappendiceal disease and one had an appendiceal abscess. 
A second abscess was missed on CT in a patient with small- 
bowel obstruction. In both cases the abnormal fluid collections 
were interpreted as loops of bowel not opacified with barium 
at the time of the examination. A complete opacification of 
the distal ileal loops and cecum is essential in the CT diagnosis 
of an appendiceal abscess. Terminal ileal loops and cecum 
should be clearly identified either with positive contrast or by 
repetition of the examination after air insufflation of the colon. 
A fluid-filled cecum that can be seen occasionally, even when 
the ascending colon is filled with barium, may be misinter- 
preted as an abscess and lead to a diagnostic error. Although 
calcified appendicoliths may occasionally be missed when the 
distal bowel is opacified, we consider it more important to be 
able to identify small interloop abscesses in this group of 
patients (Fig. 10). In addition, we think that most appendico- 
liths can still be visualized despite the presence of barium in 
the bowel (Fig. 3). 

Among the five patients with misdiagnosed abnormal CT 
scans, two were considered to have diverticulitis, one pelvic 
inflammatory disease, one Crohn's disease, and one simple 
small-bowel obstruction. Because of the nature of our study, 
false-positive examinations were not surveyed. In the same 
period of time, however, we have seen a few patients with 
pericecal fluid collections or abnormal fat in whom an erro- 
neous initial CT diagnosis of appendicitis was made. In the 
absence of primary CT signs, the diagnosis of appendicitis 
should be made with caution and should include a careful 
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Fig. 9.—Appendiceal perforation pre- 
senting as a pelvic abscess in a 54-year- 
old woman. A, CT shows fluid collections 
in pelvis adjacent to sigmoid colon (ar- 
rows). CT findings can be misinterpreted 
as sigmoid diverticulitis. Air in bladder is 
secondary to a Foley catheter. B, Barium 
enema visualizes partially filled appendix 
(small arrow) and narrowed and slightly 
spiculated sigmoid colon (/arge arrow). 


Fig. 10.—Perforated appendicitis with 
peritonitis in 28-year-old man. A, Multiple 
ill-defined mesenteric abscesses are vis- 
ualized in lower abdomen (arrows). B, 
Large abscess containing an air-fluid level 
is seen in pelvis (arrow). 


À 


A 


clinical evaluation and a contrast enema study when indicated. 
Other entities can present with pericolic or pelvic phleg- 
mons or abscesses and thus mimic appendicitis. Conditions 
such as cecal diverticulitis, typhlitis, foreign-body perforations, 
pelvic inflammatory disease, Crohn’s disease, and, in older 
individuals, perforated cecal carcinoma should be considered 
in the differential diagnosis. Occasionally patients with pan- 
creatitis, trauma, or loculated ascetic fluid may show suspi- 
cious ill-defined pericecal fluid collections. In most cases, the 
demonstration of an intraabdominal abscess requires surgical 
drainage independent of the cause of the abscess. A careful 
history and clinical evaluation in addition to a thorough CT 
evaluation of the entire abdomen can establish the correct 
preoperative diagnosis in most patients. When the diagnosis 
is in doubt, contrast enema studies should be performed. 
CT examinations, like contrast enema studies, can miss 
appendicitis, particularly when the inflammation is mild and 
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the appendix is not visualized. Compared with contrast 
enema, CT correlates far better with the surgical and patho- 
logic findings, distinguishes phlegmons from abscesses, 
shows disease directly rather than inferentially, and provides 
a more exact evaluation of the extent and location of intraab- 
dominal disease. In addition, CT can detect disease in the 
solid organs or peritoneal cavity, such as abscesses or met- 
astatic disease, that are clinically unsuspected. The CT dem- 
onstration of a normal appendix excludes appendicitis; how- 
ever, the appendix is seldom seen during routine examina- 
tions. Contrast enema, on the other hand, can exclude ap- 
pendicitis by demonstrating a contrast-filled appendix. 

In our experience, CT has been a sensitive and noninvasive 
method of diagnosing appendicitis in patients presenting with 
atypical clinical features and suspected of harboring intraab- 
dominal sepsis. In our group of patients with acute appendi- 
citis, CT demonstrated intraabdominal disease in 92% while 
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making a specific diagnosis in 79% of cases. A normal CT 
examination does not exclude appendicitis, because miid 
forms without periappendiceal disease may escape detection 
and abscesses can be missed if terminal ileal loops and cecum 
are not adequately visualized. CT and contrast enema studies 
should be considered complementary examinations. At this 
time, we advocate the primary use of CT imaging in these 
patients for the following reasons: (1) CT has a high sensitivity 
in diagnosing acute appendicitis similar to that of barium 
enema; (2) It provides a more precise evaluation of the nature, 
extent, and location of the pathologic process; and (3) It can 
detect intraabdominal disease unrelated to appendicitis that 
explains the patient's clinical presentation. When the diagno- 
sis is in doubt, contrast enema examinations are very helpful 
in establishing or excluding acute appendicitis. 
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Hepatic Hemangioma: Dynamic 
Bolus CT 





Forty-seven patients with 58 hepatic hemangiomas were studied prospectively with 
a dynamic bolus CT protocol (single-level or incremental scans) that included precontrast 
scans, rapid-sequence scanning during the IV bolus injection of 150 ml of 60% contrast 
agent, and delayed scans taken as long as 60 min after contrast. Three CT criteria are 
believed to be necessary to make a specific diagnosis of hemangioma: (1) lesion with 
diminished attenuation on precontrast scan; (2) peripheral contrast enhancement during 
the dynamic bolus phase of scanning; and (3) complete isodense fill-in on delayed 
scans obtained up to 60 min after contrast. These CT criteria were seen in only 32 (55%) 
of 58 hemangiomas, making CT a relatively poor imaging technique for diagnosis. 


Hemangioma is the most common benign hepatic neoplasm and has a frequency 
on autopsy of about 4% [1]. As hemangiomas are usually asymptomatic, most 
frequently they are discovered incidentally by abdominal imaging studies, such as 
sonography, CT, or radionuclide hepatic scintigraphy [2-4]. Once a hepatic lesion 
is detected, however, a specific diagnosis should be made to exclude a primary or 
metastatic malignant lesion, especially in an oncology patient. 

Previous reports [3, 5~9] have suggested that CT is an accurate and efficient 
method for diagnosing hepatic hemangioma. However, a review of these reports 
reveals that a variety of techniques were used for CT evaluation of the liver and 
that the hemangiomas manifested a broad spectrum of morphologic patterns, thus 
raising questions about the specificity of the CT diagnosis. 

We therefore designed a prospective CT protocol for evaluation of focal liver 
lesions suspected of being hemangiomas. This report describes the results of this 
protocol and presents our current approach to the evaluation of patients with 
incidentally detected hepatic lesions. 


Subjects and Methods 


Forty-seven patients with 58 hemangiomas were studied with single-level or incremental 
bolus dynamic CT and delayed scanning. In this group were 32 women and 15 men; their 
average age was 54 years (range, 30 to 72 years). Single lesions were present in 38 patients, 
two lesions in seven patients, and three lesions in two patients. 


Techniques of Computed Tomography 


CT scans were obtained using a General Electric CT/T 8800 scanner (scan speed, 4.5 sec 
for single-level bolus dynamic scans and 9.6 sec for precontrast and delayed scans) or 9800 
scanner (scan speed, 2 sec for all scans). 

Single-jevel bolus dynamic scans.—-Single-level bolus dynamic scans were obtained in 44 
patients with known hepatic lesions. Non—contrast-enhanced scans were obtained of the 
entire liver at 10-mm intervals to localize the lesions. Single-level bolus dynamic CT scans 
were then obtained at the level that contained either the largest lesion or the greatest number 
of lesions. Using a scan speed of 4.5 sec (8800 scanner) or 2 sec (9800 scanner), four groups 
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of four 10-mm collimated scans were obtained with a 2.5-sec inter- 
scan delay and a 10-sec intergroup delay (to allow for patient breath- 
ing). Scanning was begun simultaneously with the IV bolus injection 
of 150 ml of a 60% iodinated contrast agent (42 g of iodine). The 
contrast agent was injected by hand over 1.5-2 min using a butterfly 
needle placed in a peripheral vein. This technique proved to be simple 
to perform, and few if any patients experienced difficulty with breath- 
holding. 

With the 4.5-sec scan speed, 16 single-level bolus dynamic images 
were obtained in 132 sec (average of one scan per 8.25 sec). Thus, 
the last five scans were collected during a range of 2 to 37.5 sec 
after the completion of injection of a 90-sec contrast bolus, or the 
last two scans were collected during a range of 0.5 to 7.5 sec after 
the completion of injection of a 120-sec contrast bolus. With the 2- 
sec scan speed, 16 single-level bolus dynamic images were obtained 
in 92 sec (average of one scan per 5.75 sec). Thus, essentially all of 
the scan images were obtained during the 90-120-sec bolus injection 
of contrast agent. 

Delayed scans were obtained at 5, 10, 15, 20, 30, 45, and 60 min, 
unless the lesion became isodense, at which time the delayed-scan 
sequence was stopped in most cases. One patient with a giant 
hemangioma was rescanned at 90 min. 

Incremental-bolus dynamic scans.—Iincremental-bolus dynamic 
scans were obtained in three patients. Noncontrast scans were not 
obtained in these patients. The cranial and caudal limits of the hepatic 
scans were determined from a digitalized scout radiograph. Scans 
were obtained using automatic table incrementation, contiguous 10- 
mm collimated scans, and a scan speed of 2 sec. Groups of three 
scans were obtained with a 3.5-sec interscan delay and a 10-sec 
intergroup delay. The first scan was obtained after the initial 50 mi of 
the 150-mi bolus of 60% iodinated contrast agent had been injected 
(about 40 sec after the start of the bolus injection). The total bolus 
was delivered by hand over 1.5~2 min using a butterfly needle placed 
in a peripheral vein. Thus, the first 12 scans were collected during 
the 120-sec bolus injection, and the last six scans were collected at 
a range of 10 to 34 sec after the bolus was injected. Delayed scans 
were obtained at the level or levels of the lesions at 5, 10, 15, 20, 
30, and 45 min after contrast injection. The delayed sequence was 
stopped if the lesion became isodense. 


Initial Studies 


Single-level bolus dynamic CT was performed after identification 
of the hepatic lesion by sonography in 29 patients, by radionuclide 
8m c-sulfur colloid liver scans in two patients, and after a routine 
incremental-bolus dynamic CT scan (without delayed images) in 13 
patients. In the remaining three patients, the lesions were identified 
during incremental bolus dynamic scans, and delayed images were 
obtained. 

Indications for the initial studies were right upper abdominal pain 
or discomfort (suspected gallbladder disease) in 10 patients; nonspe- 
cific epigastric or diffuse, nonlocalized abdominal pain or discomfort 
in 14 patients; evaluation of suspected renal abnormality in five 
patients; survey study for metastatic disease in 10 oncology patients; 
evaluation of the biliary tract for jaundice in one patient; and miscel- 
laneous reasons in eight patients. 

Liver function tests (bilirubin, serum glutamic oxaloacetic trans- 
aminase, and alkaline phosphatase) were normal in 44 patients and 
abnormal in two patients (one patient with jaundice and one with 
Gaucher's disease). Test results were not available in one patient. 


Associated Diseases 


Twenty-three patients had associated medica! diseases. Thirteen 
patients had benign conditions. These included cholelithiasis in four 
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patients; benign lung nodules in two patients; and one case each of 
cardiomyopathy, renal disease, immune complex syndrome, adrenal 
adenoma, Gaucher’s disease, hepatic focal nodular hyperplasia, and 
pancreatic insulinoma. Ten patients had malignant tumors. Breast, 
cervical, and colon carcinomas were present or had been resected 
previously in two patients each, and one patient each had lung 
carcinoma, carcinoma of the ampulla, melanoma of the eye, and 
leukemia. 


Final Diagnosis of Hemangioma 


A diagnosis of hepatic hemangioma was made in 28 patients by 
selective hepatic angiography (10 patients), °°"Tc red blood cell (RBC) 
radionuclide scan (six patients), surgical biopsy (11 patients), percu- 
taneous biopsy (two patients), and autopsy (one patient). Several 
patients had more than one confirming study. 

A presumed diagnosis of hepatic hemangioma was made in 19 
patients: on the basis of clinical follow-up only (24 months or longer) 
in two patients; clinical follow-up plus no change on repeat sonogra- 
phy (6 months to 2 years) in 13 patients; and clinical follow-up plus 
repeat CT (6 months to 2 years) in four patients. In each case in 
which sonography or CT was performed, the lesions showed no 
change in size or morphology (with the exception of one patient with 
a surgically proved giant hemangioma, which became smaller after 
radiation therapy). All 19 patients are alive and well. 


Results 
Non-Contrast-Enhanced Scans 


Fifty-five of 58 hemangiomas were identified initially on non- 
contrast-enhanced scans before single-level bolus dynamic 
scans were performed. Fifty-three of the 55 hemangiomas 
were of diminished attenuation relative to the surrounding 
hepatic parenchyma. One patient with diffuse fatty infiltration 
of the liver had two hemangiomas that were hyperdense 
before contrast injection. 

Three patients with single hemangiomas had only incre- 
mental bolus dynamic scans, and initial non—contrast-en- 
hanced scans were not obtained. However, in ail three cases, 
the central portions of the lesions were hypodense relative to 
the surrounding hepatic parenchyma during the dynamic 
scan, and the lesions showed peripheral contrast enhance- 
ment; none arose in livers with CT evidence of fatty infiltration. 
We believe that, in these three cases, all three lesions would 
have been hypodense relative to the normal liver if non- 
contrast-enhanced scans had been obtained. 


Dynamic Contrast-Enhancement Patterns 


The patterns of dynamic contrast enhancement in the 58 
scans were categorized as peripheral in 74% (43 heman- 
giomas) (Fig. 1); central (focal zone of contrast enhancement 
within the center of the lesion) in 12% (seven hemangiomas) 
(Fig. 2); diffuse (complete, homogeneous contrast enhance- 
ment of the entire lesion) in 2% (one hemangioma); mixed 
(central and peripheral) in 9% (five hemangiomas) (Fig. 3); and 
absent in 3% (two hemangiomas). 
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Fig. 1.—Typical hemangioma: single- 
level bolus dynamic scan. 

A, Dynamic scan at 87 sec shows 
intense peripheral contrast enhancement 
of right-lobe lesion (arrowheads). 

B, Delayed scan at 5 min shows diffuse 
contrast enhancement of lesion. 

C, Delayed scan at 20 min shows per- 
sistent diffuse contrast enhancement. 

D, Delayed scan at 30 min shows iso- 
dense lesion. 


Delayed Patterns of Fill-in 


The degree of isodense fill-in was categorized as complete 
in 72% (42 hemangiomas) (Figs. 1-3), partial (a remaining 
zone of diminished attenuation within the lesion) in 21% (12 
hemangiomas) (Fig. 4), and none (no fill-in or decrease in 
lesion size) 7% (four hemangiomas). Included in the last group 
were two hemangiomas in the same patient that arose in a 
diffusely fatty liver. The lesions remained hyperdense on 
delayed scans and therefore were categorized as having no 
fill-in. 

The time required to reach complete isodense fill-in was 
determined for each hemangioma (Fig. 5). There was no direct 
relationship to size and time required to reach isodense fill-in, 
although the largest lesion (12 cm) required the longest time 
(90 min). Only two of the 42 hemangiomas required more 
than 30 min to reach fill-in (45 and 90 min, respectively). 

During the delayed scan sequences, 13 lesions remained 
diffusely hyperdense for 5-15 min before becoming isodense 
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(Fig. 1). All lesions that were diffusely hyperdense became 
isodense. In five cases, delayed scans were obtained after 
isodense fill-in had occurred. These scans showed that the 
lesions subsequently returned to their precontrast appear- 
ance (hypodense relative to the surrounding hepatic paren- 
chyma). 


Discussion 


The experience of several investigators has led to the 
suggestion that most hepatic hemangiomas can be diagnosed 
specifically by CT if certain characteristic patterns or appear- 
ances are recognized [3, 5-9]. However, for CT evaluation to 
be translated into a clinically useful method, the techniques 
of the CT examination and contrast administration must be 
similar, the characteristic morphologic patterns of the heman- 
giomas must be easily recognized and reproducible, and the 
patterns must be present in most cases to obviate additional 
diagnostic procedures, such as angiography or biopsy. 





714 FREENY AND MARKS 
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Four groups of investigators have published six reports 
describing the CT appearance of hepatic hemangiomas [3, 
5-9]. Unfortunately, the techniques of the CT examinations 
and the methods of contrast enhancement varied, not only 
from report to report but also within the same series. The 
scan speed ranged from 9.6 to 18 sec (speed was not given 
in one report). Some examinations were performed using 
contiguous 10-mm collimated scans, whereas others used 
13-, 15-, or 20-mm collimation. Each investigator obtained 
initial non-contrast-enhanced scans. 

Techniques of contrast administration varied from drip in- 
fusion to bolus injection; iodine concentrations ranged from 
30% to 66.8% (concentration was not stated in one series); 
and volumes varied from 40 to 300 ml. In some series, both 
drip infusion and bolus injections were used, whereas in 
others different volumes were used in the same series (40- 
60 ml in one series, 50-100 mi in another). The contrast- 
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Fig. 2.—Atypical hemangioma: single- 
level bolus dynamic scan. 

A, Scan without contrast shows three 
low-attenuation lesions in right lobe (ar- 
rowheads). 

B, Dynamic scan at 106 sec shows 
central contrast enhancement of one le- 
sion (arrow) and minimal peripheral en- 
hancement of the other two lesions (ar- 
rowheads). 

C, Delayed scan at 10 min shows in- 
complete fill-in of two lesions (arrow- 
heads) and a complete isodense fill-in of 
third lesion. 

D, Delayed scan at 15 min shows com- 
plete isodense fill-in of all three lesions. 


enhanced scans were begun simultaneously with contrast 
injection in one series, whereas in other series either there 
was a delay or scanning was begun at the conclusion of the 
contrast injection. The speed of contrast administration was 
stated in only one report (10-20 sec). Single-level bolus 
dynamic scan technique was used in two series, and the 
scanning technique was not specified in the others. 

In four series, the investigators obtained delayed scans, 
whereas in one series only the first contrast-enhanced scans 
were used for evaluation. Delayed scans were obtained only 
at 2 min after contrast in one series, at variable times from 3 
to 37 min in two series, and every 5 min for up to 20 min in 
one series. 

The five series [3, 5-9] describing the CT appearance of 
hemangiomas included 87 lesions. One group reported two 
series, one in 1980 and one in 1983 [5, 6]; for purposes of 
evaluation, only the larger (1983) series was evaluated [5]. 
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Fig. 3.—Atypical hemangioma: single-level bolus dynamic scan. PV = portal 
vein; RC = renal cyst. 

A, Scan without contrast shows low-attenuation lesion in right lobe (arrow- 
heads). 


CT Appearance of Hepatic Hemangioma (Series Review) 


Non-contrast-enhanced scans.—Scans were obtained be- 
fore IV contrast administration for all 87 lesions. The heman- 
giomas were of diminished attenuation relative to the sur- 
rounding liver in 86 (99%) of 87 cases. In one lesion, a central 
area of increased attenuation was noted. 

Contrast-enhanced scans.—Scans were obtained during 
or after contrast administration in 70 (80%) of 87 cases. As 
noted earlier, the method, rate, volume, and concentration of 
contrast administration varied from series to series and within 
series. The patterns of contrast enhancement were described 
as peripheral (or edge enhancement) in 64 (91%) of 70 cases, 
central in 3 (4%) of 70 cases, and diffuse (enhancement of 
the entire lesion) in 3 (4%) of 70 cases. Because there was 
such a wide variation in technique of contrast administration, 
particularly in the time between the delivery of the contrast 
agent and the collection of the scans, these data are impos- 
sible to evaluate more specifically. 

Delayed scans.—Scans were obtained after administration 
of contrast agent in 64 (91%) of 70 cases. The timing of the 
delayed scans was different for each series, as noted earlier. 
Most importantly, delayed scans were obtained for no more 
than 15 min in 41 cases, at variable times for no more than 
37 min in six cases, and for no more than 20 min in 13 cases 
[3, 5, 9]. 

Hemangiomas were reported as hyperdense relative to the 
surrounding liver in four cases in one series (scans at 2 min 
after contrast) and in two cases in another series in which 
scans were obtained for as long as 20 min after contrast. 
Hemangiomas became isodense with the liver in 23 cases 
(variable lengths of delay) and showed incomplete isodense 
fill-in (remaining central areas of diminished attenuation or 


B, Dynamic scan at 132 sec shows small area of central contrast (arrowhead) 
and peripheral contrast enhancement. 
C, Delayed scan at 15 min shows isodense lesion. 


“central clefts”) in 30 cases (also with variable delay times). 

Each group concluded that CT was an accurate technique 
for diagnosis of hemangioma if specific criteria were observed. 
These included the following: (1) rapid, prolonged, high con- 
trast enhancement of tumor [7]; (2) low attenuation of tumor 
on precontrast scan, same tumor size on postcontrast scan, 
and peripheral tumor enhancement with an inner corrugated 
appearance [8]; (3) dense accumulation of contrast material 
in tumor that progressively spreads in all directions in se- 
quential scans over minutes or diffuse tumor density higher 
than that of normal hepatic parenchyma lasting 2 min or more 
[5, 6]; (4) early peripheral tumor enhancement, low-attenua- 
tion center, and variable degree of central fill-in on delayed 
scans [9]; and (5) precontrast low-attenuation tumor, periph- 
eral contrast enhancement, and either complete or partial 
isodense fill-in or hyperdense appearance of tumor on delayed 
scans [3]. 


CT Appearance of Hemangiomas (Current Series) 


The current series used single-level bolus dynamic scanning 
in 44 patients with 55 hemangiomas and incremental bolus 
dynamic technique in three patients with one hemangioma 
each. The technique, volume, concentration, and speed of 
contrast injection were identical in both groups. Only the 
exact timing of the scans collected during the bolus dynamic 
phase of the scan sequences varied (single-level scans at 4.5 
or 2 sec/scan and incremental scans at 2 sec/scan). However, 
analysis of the 55 lesions studied with the single-level tech- 
nique did not show any lesions that changed their pattern of 
enhancement during the bolus dynamic phase (i.e., lesions 
with peripheral, central, or mixed enhancement patterns main- 
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Fig. 4.—Atypical hemangioma: single- 
level bolus dynamic scan. 

A, Scan without contrast shows large 
low-attenuation lesion in right lobe. Cen- 
ter is of lesser attenuation than periphery. 
Small central calcification is present (ar- 
row). 

B, Dynamic scan at 76 sec shows 
intense peripheral contrast enhancement. 

C, Dynamic scan at 92 sec shows 
some fill-in of peripheral portion of lesion. 

D, Delayed scan at 45 min shows iso- 
dense fill-in of periphery but persistent 
central area of decreased attenuation. 


tained these patterns throughout the bolus dynamic phase). gioma: (1) low-attenuation lesion before IV contrast adminis- 
Analysis of our data and those from the series reported [3, tration; (2) peripheral contrast enhancement during the rapid 
5-9], plus our experience with contrast-enhancement pat- IV-bolus dynamic phase of contrast administration; and (3) 


terns of malignant tumors [10], indicates that the following complete isodense fill-in of the lesion on delayed scans ex- 
pattern is the most frequent and “typical” of hepatic heman- tended to at least 30 min (Fig. 1). 
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Lesion Size (em) 


Time to Isodense Fill-in (Min) 


Fig. 5.—lsodense fill-in: time (min) vs lesion diameter (cm). 


Several important technical and morphologic features 
should be emphasized. First, hemangiomas should be of 
diminished attenuation on non—contrast-enhanced scans. In 
our series, one patient with diffuse fatty infiltration of the liver 
had two hemangiomas that were hyperdense before contrast 
administration. No cases of fatty infiltration were reported in 
the previous series [3, 5-9]. Because it is not possible to 


| isely th ttern of contrast enhancement or >> oe GR 
NAUTE NABAT ME pR eae enna patterns, (2) abnormal clinical or laboratory findings, or (3) a 


delayed fill-in of lesions within fatty livers, we believe that 
lesions arising in livers with fatty infiltration should be excluded 
from CT evaluation for suspected hemangiomas. 

Second, scans must be obtained during the dynamic phase 
of bolus contrast injection. If more delayed scans are ob- 
tained, the pattern of enhancement may change from periph- 
eral to diffuse enhancement or to a mixed or heterogeneous 
pattern (Fig. 1). 

Third, assessment of the delayed fill-in pattern is essential 
for accurate CT evaluation of lesions suspected of being 
hemangiomas. Complete isodense fill-in was present in 23 
(36%) of 64 hemangiomas in the previously reported series 
and in 42 (72%) of 58 cases in the current series. The 
increased frequency of isodense fill-in in the current series 
occurred because many of the lesions did not become iso- 
dense until 20-30 min after contrast injection (Fig. 1). In the 
previously reported series, only 19 lesions were followed for 
20 min or longer (longest delay was 37 min, number of lesions 
not stated) [3, 9]. 

Fourth, peripheral contrast enhancement or isodense fill-in 
alone is not diagnostic of hemangioma, as both of these can 
be seen in other benign liver tumors as well as in hepatic 
metastases (Fig. 6) [10-12]. 

The three “typical” hemangioma criteria described earlier 
were present in only 32 (55%) of the 58 hemangiomas in our 
series. If less rigid criteria had been accepted as typical, such 
as central contrast enhancement or incomplete isodense fill- 
in, 56 (97%) of the 58 hemangiomas would have been clas- 
sified as typical. However, the use of less rigid criteria would 
result in many other benign and malignant lesions being 
diagnosed incorrectly as hemangiomas (Fig. 6) [5, 7]. In our 
previous report of contrast-enhancement patterns of malig- 
nant hepatic tumors, 77% of patients manifested one or more 
of the atypical hemangioma criteria, but only one showed 
typical criteria [10]. 
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Current Approach to Imaging of Suspected Hemangioma 


In our current approach to evaluation of suspected heman- 
giomas, patients are divided into two groups on the basis of 
the imaging technique used for initial lesion detection: group 
1, sonography or radionuclide hepatic scintigraphy (°"Tc- 
sulfur colloid); and group 2, CT. 


Group 1 


Patients who have (t) discrete, hyperechoic liver lesions 
detected incidentally by sonography, (2) normal liver function 
tests, (3) no clinical symptoms referable to the liver, and (4) 
no known primary tumor are followed up only with clinical and 
laboratory evaluation and repeat sonography in 3-6 months 
[3]. 

Lesions detected by hepatic scintigraphy are evaluated with 
sonography to define their echographic morphology. Patients 
with discrete, hyperechoic lesions who also fulfill the clinical 
and laboratory criteria for group 1 patients also are followed 
up as outlined previously. 

Patients who have (1) lesions with atypical sonographic 


known primary tumor require additional imaging studies. The 
choices include CT, MRI, angiography, and hepatic scintigra- 
phy using *°"Tc-labeled RBC [13-20]. 

The current procedure of choice at our institution is *°"Tc- 
labeled RBC scintigraphy [19]. Combining our current series 
of 40 cases with that of Brunetti et al. [18] (86 cases) (using 
single-photon emission CT imaging for small lesions less than 
3 cm in diameter), the accuracy of the examination is 95% 
(72/76) [18-19]. The finding of persistent, increased blood- 
pool activity is characteristic of hemangioma (Fig. 7) 
[15-17]. 


Group 2 


Patients in whom focal hepatic lesions with peripheral con- 
trast enhancement are detected during routine dynamic bolus 
CT should have delayed images obtained up to 30 min after 
contrast injection. Patients with diffuse fatty infiltration of the 
liver should be excluded from CT evaluation for suspected 
hemangioma. If the CT appearance is typical, and if the patient 
is asymptomatic, has normal liver function tests, and has no 
known primary tumor, no further evaluation is necessary. 

if the CT appearance is atypical, or if any of the clinical and 
laboratory studies are abnormal, °°"Tc-labeled RBC scintig- 
raphy should be performed. Angiography should be per- 
formed if the RBC scintigram is negative or if the clinical or 
laboratory findings indicate that surgical exploration is nec- 
essary (Fig. 6). 

Percutaneous fine-needle aspiration biopsy can be per- 
formed if atypical lesions are identified in group 1 or group 2 
patients. Although risk of bleeding has been a relative con- 
traindication to percutaneous biopsy of suspected heman- 
gioma, the technique has been found to be safe if a segment 











Fig. 6.—Hemangioma and focal nodular hy- 
perplasia: single-level bolus dynamic scan and 
angiography. 

A-D, single-level bolus dynamic scans without 
contrast (A) and during bolus dynamic phase at 
101-132 sec (B-D) show three lesions, two with 
central contrast enhancement (arrowheads) and 
one with slight peripheral enhancement (arrow). 

E, Delayed scan at 30 min shows all three 
lesions to be isodense. 

F, G, Arterial (F) and parenchymal (G) phases 
of hepatic arteriogram (oblique projection) show 
large hemangioma in left lobe (arrowheads) and 
hypervascular nodule in right lobe (arrows). 

H, |, Arterial (H) and parenchymal (I) phases of 
right hepatic arteriogram (right hepatic artery 
arises from superior mesenteric artery) show hy- 
pervascular nodule in right lobe (arrowheads). 
Surgery revealed hemangioma in left lobe and 
focal nodular hyperplasia in right lobe. 
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Fig. 7.—Sonographically atypical he- 
mangioma. 

A, Real-time sector scan of liver shows 
hypoechoic lesion in right lobe (arrows). 

B, *™Tc-labeled RBC scintigram 
(planar gamma camera image) shows fo- 
cal area of increased blood-pool activity 
(arrows), typical of hemangioma. 


of normal hepatic parenchyma is interposed between the 
entrance of the needle on the surface of the liver and the 
lesion [3, 4]. Some controversy still exists over whether a 
specific cytologic diagnosis of hemangioma can be made if 
only blood or normal endothelial cells are obtained. At our 
institution, biopsies of focal hepatic lesions are used only to 
confirm, not to exclude, malignancy. Thus, normal or “benign” 
findings on biopsy in an oncology patient are not considered 
final proof of either the presence of hemangioma or the 
absence of malignancy. 
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Single Photon Emission Computed Tomography. By Barbara Y. Croft. Chicago: Yearbook Medical Publ., 306 
pp., 1986. $29.50; paper $18.00 


The book, Single Photon Emission Computed Tomography 
(SPECT), is an excellent introduction to SPECT imaging and should 
be read by anyone interested in SPECT imaging. 

The book is divided into four sections. First, the author reviews 
the historical and scientific principles that form the bases of SPECT 
imaging. The second section of the book is devoted to the instru- 
mentation that is required for imaging and data processing in SPECT 
imaging. This is followed by a section concerning the technical 
aspects of SPECT imaging, and finally the book ends with a section 
on the clinical applications of SPECT imaging. 

The book begins with a brief history of emission-CT and is followed 
by an explanation of the tomographic process and how the images 
are reconstructed. The author uses a descriptive fashion first and 
then a slightly more rigorous mathematical, but still largely descriptive, 
manner. 

in the next section, the author reviews the different instrumentation 
requirements for SPECT. This section begins with an in-depth dis- 
cussion of the important features in a SPECT camera and then 
discusses the instruments, both gamma camera and other, that are 
available for SPECT imaging. A review of many SPECT cameras is 
included. The section ends with a description of the computing needs 
for SPECT. 

These introductory chapters are followed by a discussion of the 
actual production of SPECT images. First, a description of the data 


acquisition and processing is considered. Such topics as uniformity, 
linearity, center of rotation, pixel size, and collimator selection are 
considered. A rather detailed chapter on the importance of quality 
assurance and acceptance testing for SPECT units is included. 

Finally, the application of SPECT in various clinical situations is 
considered. Naturally, SPECT of the head is predominant, but other 
types, such as SPECT of lung, heart, liver, and bone, are considered. 

This is the best available introductory book on SPECT imaging. It 
is written from a single perspective and, therefore, shows a unity of 
purpose and style that is frequently lacking in muitiauthor books. The 
book is well written at an introductory level so that newcomers 
to SPECT can read the book with ease, but an extensive bibliography 
is included so that people who seek more detailed information can 
find it. The references in the clinical section are relatively complete 
through 1984 with some additional references from 1985. The well- 
done illustrations and images add to the book’s value. 

| recommend this book strongly to anyone who is interested in 
beginning or has recently started a SPECT-imaging program. It covers 
everything from filter kernels to air-conditioning in the computer room 
in a manner that is clear, concise, and pleasant to read. 


G. Donald Frey 
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Chronic Acalculous 
Gallbladder Disease: 
Multiimaging Evaluation with Clinical- 
Pathologic Correlation 





Despite the recent advances in hepatobiliary imaging, the diagnosis of chronic 
acalculous gallbladder disease remains difficult. A retrospective study was undertaken 
to assess the value of a multiimaging approach in detecting chronic acalculous gallblad- 
der disease and in predicting which patients would obtain symptomatic relief after 
cholecystectomy. Of 199 patients with chronic cholecystitis, 26 (13%) had no gallstones. 
Of these 26, only 17 (65%) had symptoms related to chronic cholecystitis; in the 
remainder, the histologic diagnosis was made incidentally. After cholecystectomy, 13 
(76%) of the 17 symptomatic patients obtained long-term symptomatic relief, while in 
four, the symptoms recurred. Among patients with histologic charigés of chronic cholg- 
cystitis, biliary scintigraphy was the most sensitive technique (sensitivity, 89%). The 
sensitivity of sonography and oral cholecystography was 61.5% and 66%, respectively. 
However, for identifying symptomatic patients who may obtain long-term symptomatic 
relief after cholecystectomy, the accuracy of sonography, oral cholecystography, and 
biliary scintigraphy was 82%, 86%, and 38%, respectively. When two tests were in 
agreement the accuracy was 88%. For chronic acalculous cholecystitis, more than one 
study must be performed in order to make the correct diagnosis and to predict good 
results from cholecystectomy. 


Detection of gallstones is the only objective evidence of chronic cholecystitis, 
and cholecystectomy is the only definitive treatment [1-3]. However, for the 
diagnosis of chronic acalculous gallbladder disease there is no such single criterion. 
The value of an oral fatty meal in conjunction with oral cholecystography or 
cholecystosonography is not considered reliable, and there is confusion as to both 
the optimal technique and the proper interpretation of biliary scintigraphy and the 
use of cholecystokinin [1-7]. 

We have reviewed the studies performed in 26 patients with a pathologic 
diagnosis of chronic acalculous gallbladder disease in an attempt to determine 
which radiologic features and techniques are the most sensitive and to identify the 
value of these tests to predict which patients would obtain long-term symptomatic 
relief after cholecystectomy. 


Materials and Methods 


Over a period of 3% years, 26 patients were identified as having a histologic diagnosis of 
chronic acalculous cholecystitis. These patients were drawn from a larger pool of 199 
consecutive patients who had a histologic diagnosis of chronic cholecystitis and who had 
undergone sonographic evaluation of the upper abdomen within 2 months of cholecystectomy 
(179 patients) or autopsy (20 patients). Gallstones were found in 173 patients who were 
exluded from this study. In the remaining 26 (13%), no gallstones were identified within the 
gallbladder or the bile ducts. All 26 patients had.a minimum of two sonographic examinations 
of the gallbladder performed at least 1 week apart; oral cholecystography was performed in 
15 patients and biliary scintigraphy in nine within 1 week of sonography. 

Sonography was done using commercially available static and dynamic (real-time) scanners. 
The results were considered abnormal when there was persistent (1) diffuse thickness of the 
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TABLE 1: Findings in 26 Patients with Chronic Acalculous Gallbladder Disease 
en 


Case 
No. 


1 


4 


oO o N Q 


11 


12 


13 


26 


Histology 


Chronic chole- 
cystitis and 


marked aden- 
omyomatosis 


Chronic chole- 
cystitis and 


minimal aden- 


omyomatosis 


Chronic chole- 
and 


cystitis 
cholester- 
olosis 


Chronic chole- 
cystitis 


Chronic and 


subacute cho- 


lecystitis 


57 


26 


37 


2z n, g n 


S 


S 


S 


oO 0 DP 0 HA DG 


Sonogram 


Oral Chole- 
cystogram 


Thick wall (local- RA” sinuses 


ized) 


Thick wall, RA 
sinuses 


Thick wall, RA 
sinuses 


Thick wall, sep- Hourglass 


tum 


Thick wail (local- Nonvisualized 


ized) 


Thick wall (local- Thick wall (local- Not performed - 


ized) 
Thick wall 


Thick wall 
Thick wall 
Normal 


Normal 


Normal 


Normal (thick 
bile in only 1 
of 2 exams) 


Normal 


Thick bile 
Normal 


Thick bile 


Normai 


Normal 


Normal! 
Thick wall 


indistinct wall 


Thick bile 


Indistinct wall 
Normal 


Smali gallblad- 
der 
Thick bite 


ized) 
Nonvisualized 


Not performed 
Not performed 
Normal 


Normal 
Normal 


Normal 


Nonvisualized 


Not performed 
Not performed 


Not performed 


Normal 
Not performed 


Not performed 
Not performed 


Nonvisualized 


Nonvisualized 


Nonvisualized 
Not performed 


Not performed 


Not performed 


Chole- 
scintigraphy 


‘Not performed 


Not performed 


Not performed 


Not performed 


Not performed 
Not performed 


No contraction 
(CCK)* 

No contraction 
(CCK) 

No contraction 
(CCK) 


No contraction 
(CCK) 


No contraction 
(CCK) 


No contraction 


(CCK) 


Not performed 
Not performed 
Not performed 


Normal 
No contraction 
(CCK) 


Not performed 
Not performed 


Not performed 


Not performed 


Not performed 
Not performed 


Not performed 


Delayed visuali- 


zation 


Preoperative 
Diagnosis/ 
Duration of 
Symptoms 


Adenomy- 
omatosis/3 
mo 


Adenomy- 
omatosis/2 
mo 

Adenomy- 
omatosis/6 
mo 


Chronic chole- 
cystitis/3 mo 


Chronic chole- 
cystitis/6 mo 
Chronic chole- 
cystitis/2 mo 
Chronic chole- 
cystitis/2 mo 
Chronic chole- 
cystitis/1 yr 
Chronic chole- 
cystitis/1 yr 
Chronic chole- 
cystitis/3 yr 


Chronic chole- 
cystitis/1 yr 


Chronic chole- 
cystitis/1 yr 


Chronic chole- 
cystitis/1 yr 


Pancreatic car- 
cinoma/3 mo 
Cholangiocarci- 
noma/4 mo 

No GI symp- 
toms? 


Pancreatic car- 
cinoma (tail)/3 
mo 

Chronic chole- 
cystitis/6 mo 


Ischemic colon 

Sclerosing cho- 
langitis/6 mo 

Chronic chole- 
cystitis/1 yr 


Adhesions/1 yr 
Perforated ulcer 
Scierosing cho- 

langitis/6 mo 
No surgery 


No surgery 
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Postoperative 
Diagnosis 


Adenomy- 
omatosis 


Adenomy- 
omatosis 


Adenomy- 
omatosis 


Chronic chole- 
cystitis 


Chronic chole- 
cystitis 
Chronic chole- 
cystitis 
Chronic chole- 
cystitis 
Chronic chole- 
cystitis 
Chronic chole- 
cystitis 
Chronic chole- 
cystitis 


Chronic chole- 
cystitis 


Chronic chole- 
cystitis 


Chronic chole- 


cystitis 


Pancreatic car- 


cinoma 
Cholangiocarci- 
noma 

No surgery 


Chronic chole- 
cystitis 


Chronic chole- 
cystitis 


ischemic colon 

Sclerosing cho- 
langitis 

Chronic chole- 
cystitis 


Chronic chole- 
cystitis 


Perforated ulcer 


Sclerosing cho- 
langitis 

No GI symp- 
toms 

No Gi symp- 
toms ; 


Follow-up/ 
Duration 


Asymptomatic/1 
yr 


Asymptomatic/2 
yr 


Asymptomatic/1 
yr 


Asymptomatic/ 
1% yr 


Asymptomatic/3 
yr 

Asymptomatic/3 
yr 

Asymptomatic/1 


yr 
Asymptomatic/2 
yr 
Asymptomatic/1 
yr 
Symptoms re- 
curred within 
4 mo/3 yr 
Symptoms re- 
curred within 
4 mo/2 yr 
Symptoms re- 
curred within 
3 mo/hepato- 
cellular carci- 
noma diag- 
nosed 5 mo 
later 


Asymtomatic/3 
yr 


Died 


Died 


Asymptomatic/2 
yr 


Symptoms re- 
curred within 
1 mo/2 yr 

No data 

No data 


Asymptomatic/1 
yr 
Asymptomatic/1 


yr 
Died 
Died 


Died 


DR Ne Re La el 
a S = symptomatic group; | = incidental. 
» Rokitansky-Aschoff sinuses. l 
° Sincalide, which is the carboxy terminal octapeptide of cholecystokinin. See text for details. 
ê Gl-gastrointestinal. 


. 
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TABLE 2: Correlation Between Outcome After Cholecystectomy and Results of Preoperative Imaging Tests 


Symptoms After Sonogram* 

Cholecystectomy Aana TANT 
Asymptomatic’ 10 3 
Symptomatic® 0 4 


Oral Cholecystogram? 


Biliary Scintigraphy“ 





Abnormal Normal Abnormal Normal 
9 2 3 1 
0 4 4 0 


Note.—All patients had symptoms preoperatively and were found to have chronic acalculous cholecystitis at surgery. 


a No. of patients = 17. 

b No. of patients = 15. 

€ No. of patients = 8. 

4 Patients were followed for 1-3 years. 

e Symptoms recurred 1-3 months after cholecystectomy. 


gallbladder wall greater than 3 mm, with or without visual impression 
of contracted gallbladder and/or (2) medium- to high-level nonshad- 
owing echoes filling more than half of the gallbladder lumen, provided 
the patients were eating before the overnight fast required for the 
test [8, 9]. 

In oral cholecystography, overhead and upright spot films were 
obtained after ingestion of 3 g of iopanoic acid (Telepaque, Sterling- 
Winthrop, NY) the afternoon before the examination and after over- 
night fast. When the gallbladder was not opacified, the study was 
repeated the following day after ingestion of an additional 3 g of 
Telepaque. This examination was considered abnormal when there 
was no opacification after the second day of Telepaque ingestion or 
when there were thick septations or intramural outpouching of con- 
trast (Rokitansky-Aschoff sinuses) either before or after a fatty-meal 
ingestion [10, 11]. 

Biliary scintigraphy was also performed after an overnight fast. 
Five to 10 mCi (370 MBq) of Tc-99m diisopropyl-phenylcarbamoyl- 
methyl iminodiacetic acid (Hepatolite, New England Nuclear, Boston) 
was injected intravenously. A series of images was obtained over 1 
hr. If the gallbladder was not visualized, delayed images were ob- 
tained for up to 4 hr. When the isotope had sufficiently filled the 
gallbladder, sincalide (Kinevac, Squibb, Princeton, NJ), the carboxy 
terminal octapeptide of cholecystokinin, was infused over 2 min in 
three divided doses of 10-30 ng/kg separated by 15 min. A contin- 
uous series of images was collected on a computer, and time-activity 
curves were generated over the gallbladder region. An ejection frac- 
tion was then calculated. Biliary scintigraphy was considered abnor- 
mal when it showed delayed visualization or when, after injection of 
sincalide, the gallbladder showed no evidence of active emptying on 
the time-activity curve and the serial images. A total ejection fraction 
between 40 and 60% was considered the normal response to IV 
sincalide stimulation [5, 12-14]. 

All pathologic specimens were reviewed. The diagnosis of chronic 
cholecystitis was made according to well-accepted histologic criteria, 
and the cases were divided into five histologic groups [15-19] (Table 
1). Patients with a “minimal” degree of chronic inflammation were not 
included in the study because it is difficult to differentiate normal from 
“minimal” chronic inflammation. In part, this is due to the difficulty of 
preventing some degree of autolysis of the mucosa after removal of 
the gallbladder, especially in the postmortem specimen. Furthermore, 
the question of whether histologic evidence of “minimal” chronic 
inflammation is in fact within the range of “normal” gallbladder has 
not been resolved. For these reasons, only patients with a “mild” or 
“marked” degree of chronic cholecystitis were studied. 

Clinically, the patients were divided into two groups: symptomatic 
(17) and incidental (nine) (Table 1). Patients in the incidental group 
did not have any symptoms attributable to chronic cholecystitis, and 
the gallbladder was either examined at autopsy or excised incidentally 
during the course of a surgical intervention performed for another 
reason. In the symptomatic group, all 17 patients had a primary 
postoperative diagnosis of chronic acalculous cholecystitis. Preop- 
eratively, 15 suffered repeated attacks of typical gallbladder symp- 


toms for 2 to 36 months. These included fatty-food intolerance, 
heartburn, flatulence, epigastric fullness, upper abdominal discomfort 
or pain, colic, and occasional vomiting. In addition, two patients who 
did not have typical gallbladder symptoms were also included in this 
group because, although the preoperative diagnosis was not sub- 
stantiated at surgery, they obtained long-term relief of their symptoms 
after cholecystectomy. 


Results 


The results of the imaging procedures performed on 26 
patients with a histologic diagnosis of chronic acalculous 
cholecystitis are summarized in Table 1. Sonography showed 
abnormal findings in 16 (62%) patients. Oral cholecystography 
was abnormal in 10 (67%) of 15 and biliary scintigraphy in 
eight (89%) of nine patients on whom they were performed. 
Overall, 22 patients (85%) had at least one abnormal study. 

With the exception of marked adenomyomatosis, no direct 
correlation between the histologic groups and the imaging 
findings could be made. There was also no objective corre- 
lation between the histologic degree of chronic cholecystitis 
(mild or marked) and the degree, duration, or type of clinical 
symptoms. Reviewing the hospital records, however, one 
could have the impression that in general patients with su- 
perimposed subacute cholecystitis had more severe symp- 
toms than the rest. 

The 17 patients who had symptoms preoperatively and 
who had a primary postoperative diagnosis of chronic chole- 
cystitis were followed for 1-3 years. Thirteen (76%) remained 
asymptomatic, while in four the symptoms recurred 1-3 
months after cholecystectomy (Table 2). In this group, sonog- 
raphy accurately identified the patients who did or did not 
benefit from cholecystectomy in 14 (82%) of 17, oral chole- 
cystography in 13 (86%) of 15, and biliary scintigraphy in 
three (38%) of eight cases. Sixteen patients of the 17 had 
more than one test. When the results of at least two tech- 
niques were in agreement, the accuracy of this combination 
to predict benefit from cholecystectomy rose to 88%. This 
also increased our subjective confidence for the correct clini- 
cal diagnosis. 

These findings must nonetheless be interpreted with appro- 
priate reservation, given the small sample size of patients 
studied. In addition, while no conscious effort was made by 
the physicians involved in this study to selectively perform 
the various diagnostic procedures used, it is possible that 
aside from those measured, additional clinical characteristics 
of the patients studied may have contributed to the differential 
accuracy of the results obtained. 
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Discussion 


Acalculous cholecystitis is not uncommon. In a recent re- 
port, no calculi were found in 20% of cases of both acute and 
chronic cholecystitis [7]. In our series, 13% of 199 patients 
with histologically proven chronic cholecystitis had the acal- 
culous variety. . 

In contrast to cholelithiasis and acute cholecystitis, there 
are no specific imaging criteria defined for the diagnosis of 
chronic acalculous cholecystitis. The numerous conditions 
associated with thick gallbladder wall, contracted gallbladder, 
and intraluminal nonshadowing echoes on sonography have 
been well described [8, 20-23]. Similarly, there are many 
causes of nonopacification of the gallbladder on a 2-day 
repeated-dose oral cholecystography [10, 11]. Finally, in pa- 
tients with acalculous cholecystitis (acute and chronic com- 
bined), the sensitivity of biliary scintigraphy has been reported 
to be as high as 93.3% and as low as 68 to 76%, and reports 
are conflicting as to the value of cholecystokinin cholecysto- 
scintigraphy [2, 6, 7, 13, 24, 25]. 

To complicate matters even more, not all patients with 
chronic cholecystitis are symptomatic, and even with the 
presence of symptoms and chronic cholecystitis and choleli- 
thiasis, only 45 to 70% of patients may benefit from chole- 
cystectomy [1-3]. In our series of a highly selected group, 
only 65% of the patients had symptoms that may have been 
related to chronic gallbladder disease, and 24% did not benefit 
from cholecystectomy. Therefore, surgeons are justified in 
being reluctant to operate in the absence of gallstones, es- 
pecially because the available diagnostic techniques offer 
indirect evidence of disease or nonspecific images. 

Our data indicate that among patients with histologic 
changes of chronic cholecystitis, biliary scintigraphy may be 
the most sensitive technique. In patients with repeated gall- 
bladder-type symptoms, an abnormal sonogram or oral cho- 
lecystogram accurately predicts benefit from cholecystec- 
tomy, provided the other causes of the abnormal findings can 
be excluded. In the same type of patients, however, normal 
sonography or oral cholecystography findings do not exclude 
symptomatic relief of symptoms after cholecystectomy. Al- 
though the value of biliary scintigraphy alone as an indicator 
for cholecystectomy was not substantiated in our material, 
this may be due to the relatively small number of patients 
examined with this technique. 

None of the different tests reviewed provide any specific 
sign for chronic cholecystitis. In general, however, in the 
various techniques used, these nonspecific findings depend 
on different underlying factors. Thus, for chronic acalculous 
cholecystitis, more than one study must be performed in 
order to make the correct diagnosis and predict good results 
from cholecystectomy. 
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Sonography in the Diagnosis 
of Hepatic Artery Aneurysms 





In five cases of hepatic artery aneurysms, the findings on sonography suggested the 
diagnosis or indicated the need for angiography. The intrahepatic aneurysms (four 
cases) were anechoic, well-circumscribed masses with good through transmission of 
sound. None were pulsatile, but flow within the mass was observed in one case. An 
intrahepatic mass adjacent to the aneurysm was identified in every case, representing 
hematoma in three and postoperative abscess in one. The sonogram in a patient with a 
common hepatic artery aneurysm (one case) showed a lobulated, pulsatile, anechoic 
mass within a pancreatic head pseudocyst. Sonography offers a noninvasive means of 
screening for this abnormality. 


Hepatic artery aneurysms are uncommon lesions that are rarely diagnosed 
preoperatively. Clinical presentation is frequently nonspecific, and diagnosis is often 
delayed, leading to high morbidity and mortality if rupture occurs. 

Before the advent of angiography, radiographic imaging had little to offer. 
However, angiography is an invasive technique and is not likely to be employed 
without a high index of suspicion. 

‘Five cases of hepatic artery aneurysms are presented in which the findings on 
sonography either suggested the correct diagnosis or indicated the need for 
angiography. 


Materials and Methods 


The hospital records and sonograms of five patients with hepatic artery aneurysms were 
reviewed. Four patients were scanned using both a contact B-scanner (3.5 MHz) and a real- 
time sector scanner (3.5 MHz}. One patient had only static scans. 

The sonographic features that were assessed included location, size, and shape of the 
aneurysm, detection of pulsations or any motion within the aneurysm, and presence of 
associated intrahepatic mass. Findings were correlated with angiography and/or surgery. 


Results 


Four of five patients were men. The patients ranged in age from 15 to 64 years. 
The cause of the aneurysm was blunt trauma in two, penetrating trauma in one, 
chronic pancreatitis in one, and previous biliary tract surgery in one. Three patients 
experienced right upper quadrant pain and one had sharp periumbilical pain. 
Hematemesis or hematochezia was noted in three patients, and a fourth patient 
had bright red blood per nasogastric tube. Three patients had some abnormality 
of liver enzymes or bilirubin. Only one had a palpable mass. One experienced fever 
secondary to postoperative liver abscess. 

Two aneurysms arose from the right hepatic artery, two from the left hepatic 
artery, and one from the common hepatic artery. Sonographically the intrahepatic 
aneurysms were well-circumscribed anechoic masses with good through transmis- 
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Fig. 1.—16-year-old boy with aneurysm of right hepatic artery caused by 


lobe of liver demonstrating hematoma (H) as a hypoechoic mass with good 
blunt trauma. A, Sagittal sonogram of aneurysm (A), which is anechoic and 


through transmission. C, Angiographic confirmation of aneurysm arising from 


well circumscribed with good sound transmission. B, Transverse scan of right 





Fig. 2.—56-year-old man with aneurysm of left 
hepatic artery caused by blunt trauma. Sagittal 
sonogram of left lobe of liver demonstrates irregular 
echogenic hematoma (/arge arrowheads) superior 
to a small anechoic mass (arrows) with good 
through transmission corresponding to location of 
aneurysm. 


sion of sound (Figs. 1A, 2, and 3A). None were pulsatile, but 
swirling of echoes arising from a point source was seen in 
one aneurysm (Fig. 4). Deep Doppler was not available in 
these cases. All of the intrahepatic aneurysms were closely 
associated with another intrahepatic mass, less well defined 
than the aneurysm and ranging from entirely echogenic (Fig. 
2) to hypoechoic (Fig. 1B). 

The common hepatic artery aneurysm was a lobulated, 
pulsatile, anechoic mass within a larger mass of mixed ech- 
ogenicity located in the pancreatic head region (Fig. 5A). The 
latter proved to be a pseudocyst that had eroded into the 
common hepatic artery. 


right hepatic artery. 


Fig. 3.—64-year-old woman with aneurysm of left hepatic artery resulting from previous biliary tract 
surgery. A, Oblique sonogram of right lobe of liver demonstrates aneurysm (A) as well-circumscribed 
anechoic mass adjacent to an ill-defined, relatively anechoic area corresponding to hematoma (H). B, Celiac 
angiography demonstrates moderate-size aneurysm (arrow) arising from medial aspect of left hepatic 
artery. Two smaller aneurysms (arrowheads) are also seen. (Angiogram courtesy of Richard G. Fisher.) 


Discussion 


Hepatic artery aneurysms make up one-fifth of all visceral 
aneurysms [1]. In the 1966 review of 170 cases by Guida and 
Moore [2], systemic infection and arteriosclerosis were the 
most common causes. The number of traumatic aneurysms 
is Currently rising Owing to an increase in blunt trauma sec- 
ondary to motor vehicle accidents and to increasing iatrogenic 
forms of trauma such as biliary tract surgery or instrumenta- 
tion, percutaneous interventional radiologic procedures, and 
hepatic biopsy [3]. 

Clinical presentation is variable and nonspecific. The most 
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Fig. 4.—15-year-old boy with aneurysm of right 
hepatic artery caused by penetrating trauma. Sag- 
ittal sonogram of right lobe of liver demonstrates 
anechoic mass. On real-time, bursts of echoes were 
seen to arise from echogenic focus (arrowhead) 
and swirl around within mass. 
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Fig. 5.—51-year-old man with aneurysm of common hepatic artery resulting from erosion by a pancreatic 
pseudocyst. A, Sagittal sonogram with patient in left decubitus position demonstrates gallbladder (G) 
anterior to a large pancreatic head pseudocyst filled with clot. In anterosuperior aspect of mass there is 
an ill-defined lobulated anechoic area (arrowheads) from which strong pulsations arose during real-time 
scanning, corresponding to a pseudoaneurysm on angiography. B, Right hepatic angiogram demonstrates 
marked displacement of right hepatic artery by mass in head of pancreas (pseudocyst) as well as a large 


lobulated pseudoaneurysm (arrowheads). 


frequent complaint is epigastric or right upper quadrant pain 
followed in frequency by gastrointestinal hemorrhage and 
jaundice [2]. The aneurysm is seldom detected on physical 
examination, and conventional radiographic imaging has little 
to offer diagnostically. Angiography is currently the definitive 
diagnostic technique for this abnormality. 

There have been sporadic case reports of the sonographic 
visualization of hepatic artery aneurysms [1, 4-11]. Of nine 
cases reported, six arose from the common hepatic artery, 
two from the right hepatic artery, and one from the left hepatic 
artery. Sonographically the aneurysms were anechoic (three 
cases), hypoechoic (one case), or of mixed echogenicity (five 
cases). In five patients, aneurysm was suspected on the basis 
of the following sonographic findings: pulsation was observed 
(one case); Doppler sonography demonstrated turbulent ar- 
terial flow (two cases); a channel was seen within a fusiform 
mass suggesting vascular origin (one case); and a tubular 
structure was seen in continuity with the mass (two cases). 
Five of six common hepatic artery aneurysms, in addition to 
one arising from a replaced right hepatic artery, presented as 
pancreatic head masses that were thought to represent neo- 
plasm or pseudocyst. 

Our series of five cases yielded a higher percentage of 
aneurysms of the right and left hepatic arteries. The only 
aneurysm to exhibit pulsation was one arising from the com- 
mon hepatic artery. In one case a burst of echoes was seen 
arising from a projection from the wall of the aneurysm, which 
suggested active bleeding. This phenomenon was reported 
by Savage et al. [12] in a case of massive abdominal-wall 
hemorrhage with turbulence from a point source, but has not 
been described in aneurysm detection. Intrahepatic hema- 
toma (three cases) and abscess (one case) in close proximity 
to the aneurysm were also demonstrated sonographically. 

Sonography, already the primary screening technique for 
right upper quadrant pain or jaundice, offers a noninvasive 
means of screening for hepatic artery aneurysms. If blood 


flow within the mass can be documented by real-time or 
Doppler sonography, the diagnosis is secure and angiography 
is necessary only for surgical planning or for embolization. 
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Book 
Reviews 





Nuclear Pharmacy. An Introduction to the Clinical Application of Radiopharmaceuticals. By Henry M. Chilton and 
Richard L. Witcofski. Philadelphia: Lea & Febiger, 190 pp., 1986. 


This slim text is a superficial introduction to radiopharmacy. In 
addition to describing the principal applications of the major radio- 
pharmaceuticals, it covers the nature, production, and detection of 
radioactivity, dosimetry, health physics, elementary radiopharmaceu- 
tical compounding and quality control, and regulatory affairs. Rigor- 
ous coverage in all of these areas is neither intended nor achieved. 

Anyone setting out to provide brevity to the uninitiated has a 
responsibility for accuracy and relevance. Unfortunately, this is not 
always the case in this text. For example, one wonders about the 
chapter on the physics of “PETT (Positron Emission Transmission 
Tomography).” A table of conceptus-absorbed dose estimates is a 
fine idea, but one-third of the entries are for 1-131-rose bengal, Se- 
75-selenomethionine, and Fe-59 citrate—not exactly the mainstays 
of today's radiopharmaceutical offerings. A table containing thyroid- 
dose estimates for 1-123 states that the most important radiocontam- 
inants are |-125 and I-131. The authors do not even mention 1-124. 
The section on disofenin imaging is misteading. The authors state 
that “Patients should fast for at least four hours prior to injection 
since false positive studies may result if the gallbladder has been 
emptied by the ingestion of food.” The converse has more truth to it, 
and they do not even mention the use of cholecystokinin to empty a 
full gallbladder. in their discussion of radiopharmaceuticals for spleen 
imaging, the authors compare Tc-99m and Cr-51~labeled heat-dam- 
aged red celis. They do not mention that it is probably more common 
to perform a liver-spleen scan with Tc-99m-sulfur colloid followed 2 
days later by an early Tc-99m-disofenin image of the liver and to 
discern the spleen by mental-image subtraction. In the section on 
gallium imaging, the authors state “There are no known contraindi- 


cations to the use of Ga-67 citrate.” There should be a caveat about 
lactation. The section on ferrokinetics could probably be omitted. The 
discussion of the use of lasix in renal scanning is simplistic enough 
to be misleading. If long-standing obstruction has led to parenchymal 
damage, the kidney will not produce a bolus of urine in response to 
lasix, and a flat response renogram gives no information about 
functional vs anatomic obstruction. This is a common situation, and 
the user of this test should be warned before he makes a diagnostic 
error. 

The organization of the book is logical and the style is straightfor- 
ward. Many vague statements could have been more specific (and 
much more useful) without taking up any more space. Many of the 
conclusions have no preceding rationale so that the reader may 
memorize effectively but often not understand very well. The illustra- 
tions are good and the subject matter is well indexed. The section 
on regulatory affairs is necessarily brief but helpful. This is not 
generally offered in a text and | was very pleased to see it included. 

This book would probably be useful to diagnostic radiology resi- 
dents rotating through nuclear medicine, but the clinical portions 
would have to be supplemented with other textbooks. It might also 
be handy for Boards review. Undergraduate pharmacists taking a 
radiopharmacy elective as well as radiopharmacy and nuclear medi- 
cine technologists may also find this book helpful. 


Carol S. Marcus 
Harbor-UCLA Medical Center 
Torrance, CA 90509 


Guide Pratique D’Echographie Scrotale. A Guide to Scrotal Ultrasonography. By Kathlyn Marsot-Dupuch and 


Brigitte Martin. Paris: Masson, 134 pp., 1986. 


Written in French, this book covers all topics relevant to sonogra- 
phy of the scrotum. It consists of 11 chapters and begins with two 
chapters on embryology and anatomy. It continues with well-balanced 
discussions on inflammations, tumors, torsion, trauma, and varico- 
cele. Chapters nine and 10 discuss the postoperative scrotum and 
pitfalls in scrotal sonography. The last chapter is dedicated to case 
discussions. 

The book is well organized. The text is lucid, concise, and offers 
an adequate amount of detail. It is surprising that almost all the 


illustrations were obtained with articulated arm scanners; however, 
they are judicially chosen, are of good quality, and have clear labeling. 

This book is an atlas on scrotal sonography. Through it, the authors 
have reached their goal to provide a guide to residents and practi- 
tioners. 


Joseph Fakhry 
New York Medical College 
Valhalla, NY 10595 
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Bile-Duct Dilatation After 
Laparotomy: A Potential Effect of 
Intestinal Hypomotility 





“Dilatation of unobstructed extrahepatic bile ducts was observed in patients with 
conditions associated with intestinal hypomotility. For further investigation of this as- 
sociation, a prospective study was undertaken in which the common hepatic duct was 
measured in 15 patients before and 1 day after laparotomy, when all patients had 
postoperative paralytic ileus. A statistically significant (p < 0.01) increase in the mean 
diameter of the hepatic duct was observed postoperatively. When compared with the 
preoperative measurement, the mean diameter of the duct almost doubled, from 3.3 to 
5.9 mm. This phenomenon may be due to persistent contraction of the sphincter of Oddi 
that occurs when intestinal hypomotility eliminates the stimuli for cholecystokinin re- 
lease. 


Diagnostic sonography, which can accurately assess the caliber of the common 
hepatic duct (CHD), is widely accepted as the screening method of choice for the 
detection of biliary obstruction [1-3]. Although some controversy exists about the 
normal range of the internal diameter of the CHD, most investigators consider a 
measurement of 6 mm or smaller normal, and that of 7 mm or larger abnormal 
[3]. However, this distinction does not always correlate with biliary obstruction. 
Extrahepatic bile-duct obstruction may be present before the development of, or 
without, biliary dilatation [4, 5]. Conversely, patients without obstruction may show 
dilatation [3, 4, 6-8]. In some of these patients, previous obstruction, aging, and 
inflammation have adversely affected the elastic recoil and contractility of the 
extrahepatic duct wall [4, 8-10]. In others, no cause can be identified; often an 
incidental sonographic finding of extrahepatic biliary dilatation may start a battery 
of biochemical and imaging tests and, ultimately, surgical exploration. The fatty- 
meal stimulation test in such patients significantly improves diagnostic accuracy 
[8]. However, in some patients, administration of a fatty meal may be contraindi- 
cated, while in others the test provides inconclusive results. 

In our practice, we identified 33 patients with unexplained CHD dilatation, up to 
15 mm. None of the causes of biliary dilatation mentioned earlier were present. 
The only common denominator we could identify was an association with a variety 
of conditions of intestinal hypomotility, including paralytic ileus resulting from 
miscellaneous abdominal and thoracic inflammatory processes or trauma. Several 
patients were receiving parenteral hyperalimentation or narcotics, or they had 
undergone previous vagotomy. In 21 patients, bile-duct obstruction was excluded 
by direct opacification, surgery, or autopsy. In the remaining 12, there was strong 
clinical and biochemical evidence to exclude obstruction. Follow-up sonograms 
showed nondilated CHD. 

These observations suggested association of intestinal hypomotility with extra- 
hepatic bile-duct dilatation. To study the problem more systematically, we studied 
prospectively 15 patients scheduled for elective major abdominal surgery to eval- 
uate CHD diameter changes during physiologic postoperative ileus. 
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TABLE 1: Common Hepatic Duct Diameters Measured Pre- and 
Postiaparotomy 





Common Hepatic Duct 


Patients as l Diameter 
on Oporalon “Preop. Postop. Difference 
No. Gender (mm) (mm) (mm) 
1 M 50 Colectomy 2.0 2.3 +0.3 
2 F 45 Hysterectomy 2.3 2.7 +0.3 
3 F 42 Hysterectomy 2.7 5.0 +2.3 
4 M 61 AAA repair 2.7 5.7 +3.0 
5 M 59 Colectomy 2.7 6.0 +3.3 
6 F 49 Hysterectomy 2.7 6.3 +3.6 
7 M 53 Nephrectomy 3.0 5.7 +2.7 
8 M 67 AAA repair 3.0 6.0 +3.0 
9 F 61 Colectomy 3.3 5.3 +2.0 
10 M 74 Colectomy 3.3 6.3 +3.0 
11 M 63 AAA repair 4.0 47 +0.7 
12 F 56 Hysterectomy 4.0 6.7 +2.7 
13 F 71 AAA repair 4.3 7.3 +3.0 
14 M 57 Colectomy 4.7 8.3 +3.7 
15 F 62 Colectomy 5.3 9.7 +4.4 
M = 58 (SD = 9) M=3.3 M=59 M=2.6 





Note.—The common hepatic duct diameter is the mean of three measurements. Preop. 
measurement was taken on the evening before operation. Postop. measurement was taken 
on second postoperative day. AAA = abdominal aortic aneurysm. M = mean; SD = standard 
deviation. 


Subjects and Methods 


Biliary sonography was performed prospectively in 15 patients 
scheduled for elective major abdominal surgery. The CHD was meas- 
ured the day before and again the day after laparotomy. An informed 
consent, approved by the Human Subjects Committee, was obtained 
from ail patients. 

The following criteria were followed for inclusion of patients in this 
study. The patients were in good general condition, with normal liver- 
function tests; the operative procedures and the postoperative course 
were uneventful; the indications for operation did not include chole- 
cystectomy, other hepatobiliary, pancreatic, or gastric surgery; they 
did not have inflammatory bowel disease or abdominal abscess. 
Patients with cholelithiasis or previous cholecystectomy were not 
studied, although it has been shown that the latter condition does 
not affect the caliber of the CHD [4, 11, 12]. The surgical procedures 
included right or left hemicolectomy for carcinoma of the colon, total 
abdominal hysterectomy and bilateral oophorectomy for uterine or 
ovarian carcinoma, abdominal aortic aneurysm repair, and nephrec- 
tomy with anterior abdominal approach for renal cell carcinoma (Table 
1). 

All sonograms were performed at the bedside with a commercially 
available dynamic (real-time) scanner, utilizing a 3-MHz or 5-MHz 
transducer. The patients were examined in the right anterior oblique 
position, and sagittal images of the extrahepatic bile duct just anterior 
to the portal vein were obtained. The anteroposterior internal diameter 
of the CHD was measured at the level of the hepatic artery with 
electronic calipers [3]. 

The CHD diameters were obtained by one examiner and represent 
the mean of three measurements. Because of the small number of 
subjects and because the observations were made on the same 
patients on two separate occasions (pre- and postlaparotomy), the 
significance in the change of the mean CHD diameter was calculated 
with the t-test applied to a paired comparison [13]. 
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Results | 


Postoperatively, the 15 patients’ general condition was 
satisfactory and their liver-function tests remained normal. 
None had eaten, had a bowel movement, or passed gas per 
rectum before the second examination. 

The preoperative CHD diameters ranged from 2.0 to 5.3 
mm (mean = 3.3, SD = 1.0) (see Table 1). On the second 
postoperative day, during physiologic postoperative ileus, the 
mean CHD diameter almost doubled. The measurements 
ranged from 2.3 to 9.7 mm (mean = 5.9, SD = 1.9). The 2.6- 
mm change in the mean CHD diameter was statistically 
significant (p < 0.01). 


Discussion 


The use of CHD size alone for screening biliary obstruction 
is valuable but does not always correspond with obstruction. 
Patients with early obstruction or conditions affecting the bile- 
duct wall may have a CHD caliber of less than 6 mm, while 
measurements larger than 7 mm have been observed in 
unobstructed biliary systems [3-8]. Aging and previous in- 
flammation and obstruction have been shown to affect the 
elastic recoil of the duct wall, resulting in CHD dilatation 
without obstruction [4, 8-10]. 

Our data indirectly support the role that the sphincter of 
Oddi plays in affecting the diameter of the CHD. The wall of 
the extrahepatic bile duct consists mainly of fibroelastic tis- 
sue, with very little smooth muscle [9]. Considerable and 
rapid changes in the caliber of the extrahepatic ducts related 
to intermittent distal obstruction and bile flow have been 
observed, and in experimental animals, the CHD caliber dou- 
bles 24 hr after distal obstruction [3, 4, 14]. 

Failure of relaxation of the sphincter of Oddi may act in a 
manner similar to distal biliary obstruction. A fatty-meal stim- 
ulus that indirectly. results in relaxation of the sphincter of 
Oddi may produce a decrease in CHD diameter [8]. This 
sphincter exhibits both tonic and phasic contractions. In hu- 
mans, the mean pressure in the sphincter is 4-5 mm Hg 
higher than in the bile ducts, but the peak pressures during 
the phasic contractions are 10 times greater (15, 16). The 
phasic contractions can be abolished by a 20 ng/kg IV bolus 
of cholecystokinin octapeptide. At the same time, the pres- 
sure in the sphincter falls by nearly 50% [17]. During fasting, 
electrical spike bursts recorded from the sphincter of Oddi 
correlate with the migrating myoelectrical complex in the 
upper small intestine, while feeding abolishes this cycle [18]. 
Thus, a prolonged period of decreased upper-intestinal mus- 
cular activity would produce a prolonged contraction of the 
sphincter of Oddi, resulting in a dynamic distal common-bile- 
duct obstruction. This hypothesis is supported by our clinical 
observations in patients with intestinal hypomotility, as well 
as by the increase in the CHD diameter noted in our patients 
with physiologic postoperative ileus. 

Parenteral hyperalimentation and prolonged fasting result 
in failure of relaxation of the sphincter of Oddi from lack of 
stimulus to release endogenous cholecystokinin. Sponta- 
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neous resolution of hyperalimentation-induced biliary dilata- 
tion has been described [19]. Morphine and other narcotics 
result in decreased intestinal activity. Narcotics, however, also 
have a direct effect on the sphincter of Oddi, increasing its 
contractility and preventing its relaxation [20]. Vagus-nerve 
stimulation increases upper-intestinal motility and relaxes the 
sphincter of Oddi. This effect is reversed after vagotomy [17, 
21]. Progesterone appears to have a direct effect on the 
sphincter of Oddi, preventing its relaxation. Increased bile- 
duct caliber has been noted in pregnant women and in those 
who take oral contraceptives, while it returns to normal post- 
partum or after administration of estrogens [17, 21]. 

In patients with nonobstructive bile-duct dilatation, a fatty 
meal, known to release endogenous cholecystokinin, relaxes 
the sphincter of Oddi and results in reduction of the CHD 
caliber [8]. However, some patients with CHD dilatation do 
not respond to a fatty meal [8, 22]. In these patients, other 
conditions may be responsible for spasm of the sphincter, 
such as narcotics, increased serum progesterone levels, or 
vagotomy, which act irrespective of cholecystokinin levels. It 
must be emphasized, however, that the proposed mecha- 
nisms involved in the CHD dilatation are speculative: The 
status of sphincter pressure and contractions has not been 
studied in our patients. 

Our data support the clinical observation of extrahepatic 
bile-duct dilatation in response to factors inhibiting the relax- 
ation or prolonging the contraction of the sphincter of Oddi. 
Most of these factors are associated with decreased or 
absent intestinal motility. This phenomenon should be kept in 
mind to avoid misdiagnosing biliary obstruction under these 
circumstances. Furthermore, incidentally observed biliary di- 
latation in the early postoperative period should be viewed as 
a physiologic response to the surgical trauma. 
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MRI of the Bladder and Prostate 


Joseph K. T. Lee’ and Kenneth S. Rholl 


Since the advent of MRI of the body, several reports have 
attested to its utility for the evaluation of the bladder and 
prostate [1-7]. Respiratory motion, which often degrades the 
quality of upper abdominal and thoracic MR images, is virtually 
absent in the pelvis. The ability of MR to produce images in 
multiple planes is often helpful with complex pelvic anatomy. 
Finally, MR has superior contrast sensitivity and causes no 
known biologic effects. In this article, the value of MRI in the 
evaluation of the bladder and prostate will be reviewed and 
illustrated. 


imaging Techniques 


Patients scheduled for MR examination. of the pelvis require no 
special preparation. They are usually examined supine during shallow 
respiration, with the urinary bladder at least hälf full before the study 
is begun. A full bladder dispiaces the small bowel out of the true 
pelvis, thereby allowing better delineation of the seminal vesicles in 
males. Likewise, the wall of the urinary bladder can be better as- 
sessed. 

Both Ti-weighted (TR 300-500 msec, TE 15-35 msec) and T2- 
weighted (TR 1500-2100 msec, TE 90-120 msec) spin-echo se- 
quences are necessary for complete examination of the pelvis. While 
the T1-weighted images are best for detecting lymphadenopathy and 
extension of bladder or prostatic carcinoma into adjacent fat, T2- 
weighted images provide a clear separation of urine from the bladder 
wail. 

One-centimeter slices are usually obtained with 0- to 1-cm center- 
slice gap. Depending on the TR and TE intervals used, 5-21 slices 
are produced during a single imaging sequence. Transaxial images 
are obtained in every case, but additional imaging in coronai or sagittal 
planes may be performed if needed. Coronal images are useful for 
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evaluating seminal vesicles and bladder neoplasms that involve the 
lateral wall. Sagittal views are necessary if the bladder neoplasm is 
located along the anterior or posterior wall. 

A 59-cm cylindrical body coil is used routinely. Data are acquired 
using a 256 x 256 matrix. The matrix size is 2 x 2 mm for the body 
coil. 


Normal MR Appearance 
Urinary Bladder 


The urinary bladder appears as a low-intensity structure on 
T1-weighted images because urine has an extremely long T1 
(Fig. 1). The bladder wall cannot be differentiated from urine 
with this sequence [1, 3]. The signal intensity of urine com- 
pared with adjacent perivesical structures increases with 
prolongation of TR and TE. On a T2-weighted spin-echo 
sequence, urine can be distinguished from the bladder wall 
because of the high signal intensity of urine and the low 
intensity of the bladder wall (Fig. 1). However, the low- 
intensity bladder wall may be obscured by the chemical-shift 
artifact that results from the difference in resonance frequency 
between fat and water protons. The chemical-shift artifact 
occurs at the water/fat interface (bladder/perivesical fat) in 
the direction of the readout gradient, which is different for 
different imaging planes (i.e., for transaxial views, chemical- 
shift artifact would affect lateral walls; for sagittal sections, it 
would affect the superior and inferior bladder wall). The chem- 
ical-shift artifact can be recognized on a transverse image as 
a dark band along the lateral wall on one side and a bright 
band along the lateral wall on the opposite side. Becoming 
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A . B 


Fig. 1.—Normal urinary bladder. A, Axial view (TR 500 msec/TE 30 msec). The urinary bladder (B) has 
low signal intensity. Bladder wall cannot be distiguished from urine. s = seminal vesicle. B, Coronal view 
(TR 2100 msec/TE 90 msec). Bladder wall (arrowheads) has a low signal intensity and can be distinguished 


from high-intensity urine. P = prostate. 


Fig. 3.—Normal seminal vesicles. A, Coronal 
view (TR 2100 msec/TE 30 msec). Seminal vesicles 
(arrows) have medium signal intensity. B, Coronal 
view (TR 2100 msec/TE 90 msec). Signal intensity 
of seminal vesicles (arrows) is higher than that of 
subcutaneous fat. Multiseptated appearance is 
demonstrated. R = rectum. 


more pronounced with increasing field strength, in an extreme 
case the chemical-shift artifact may appear as thickening of 
the bladder wall on one side and absence of the bladder wall 
on the other (Fig. 2). 


Prostate 


With present equipment, the prostate gland has a homo- 
geneous MR appearance [1, 4-7]. On T1-weighted images, 
the signal intensity is similar to that of skeletal muscle; on T2- 
weighted images, it is slightly less than that of fat [1, 4-7] 
(Fig. 1B). One group of investigators reported that the central 
and peripheral zones can be distinguished because the pe- 
ripheral zone has a high signal intensity on T2-weighted 
images [8]. The low signal intensity of the central zone has 


Fig. 2.—Chemical-shift artifact at water-fat inter- 
face. Axial view (TR 2100 msec/TE 90 msec) of pelvis 
obtained on 1.5-T-unit demonstrates black line on 
right of bladder-perivesical fat interface and white line 
(arrow) On opposite side. This artifact may lead to 
erroneous interpretation of bladder-wall invasion by 
neoplasm. 





been partly attributed to striated muscle within the prostatic 
sphincters. 

Although the prostatic capsule is not usually visible, the 
prostate gland can be distinguished from adjacent structures 
because of interposed fatty tissue. The Denonville’s fascia is 
infrequently seen on MR but may appear as a low-intensity 
band separating the rectum from the prostate gland. 


Seminal Vesicles 


The seminal vesicles are well visualized on MR images. 
With T1-weighted spin-echo sequence, they have a medium- 
to-low signal intensity. On T2-weighted images, they appear 
brighter than fat because of their high water content (Fig. 3). 
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Pathology 
Urinary Bladder 


Bladder wall hypertrophy secondary to bladder outlet ob- 
struction can be identified with a signal intensity similar to 
that of the normal wall [3]. Both mucosal edema and inflam- 
mation of the bladder wall have a high signal intensity on T2- 
weighted images, thereby allowing easy differentiation from 
the low-intensity normal or hypertrophied bladder wall. How- 
ever, the signal intensity of inflammation or edema of the 
bladder wall overlaps that of bladder neoplasms [9]. 

Tumors of the bladder, whether infiltrative, sessile, or pe- 
dunculated, can be detected if they exceed 1-2 cm [9]. The 
signal intensity of a bladder neoplasm is higher than urine but 
lower than fat on both T1-weighted and balanced images 
(long TR, short TE); the signal intensity of a bladder neoplasm 
is similar or slightly lower than that of urine on T2-weighted 
images. Thus, a bladder neoplasm can be best seen on a 
spin-echo sequence with a short TE (Fig. 4). 

Therapy for carcinoma of the bladder depends on the 
Clinical stage of disease at the time of initial examination. 
Patients with carcinoma in situ and T1 lesions (mucosal and 
submucosal involvement) can be treated adequately with 
fulguration or transurethral resection; patients with T2 lesions 
(involvement of superficial muscle layer) are often treated with 
segmental cystectomy. Radical cystectomy is the procedure 
of choice for patients with T3 lesions (T3A—deep muscle 
invasion; T3B—perivesical fat involvement). Palliative radia- 
tion therapy with an ileal loop is a common form of manage- 
ment for stage T4 lesions (involvement of perivesical organs 
and rectum) [10]. 

At present, MR cannot differentiate T1 and T2 stage tumors 
[9, 11]. However, MR can identify deep muscular invasion 
(stage T3A) on a T2-weighted sequence. Gross tumor involve- 
ment of deep muscular layer often leads to disruption of the 
low-intensity line. Of eight patients with proven deep-muscle 
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invasion evaluated at our institute, the low-intensity bladder 
wall was definitely disrupted on MR in five and was equivocal 
in three [12]. In nine patients with superficial or no muscle 
invasion, eight had an intact bladder wall on MR. Therefore, 
the finding of a disrupted bladder wall on MR signifies an 
advanced stage lesion (T3 or above), while an intact bladder 
wall usually implies a more localized lesion. Because bladder 
neoplasms and bladder wall have a similar CT attenuation 
value, deep muscular invasion cannot be determined on a CT 
study. 

Tumor extension into the perivesical fat (stage T3B) also 
can be detected and is best appreciated on T1-weighted 
images because of sharp contrast between fat and tumor 
(Fig. SA). Tumor invasion into adjacent organs, such as the 
seminal vesicles and the rectum, can similarly be detected 
(Fig. 5B). Lymph node metastases can be seen if the involved 
nodes are enlarged. Lymphadenopathy is best appreciated 
on T1-weighted images. MR is superior to CT in distinguishing 
an enlarged lymph node from a small blood vessel [13]. 
Unfortunately, tissue characterization based on MR signals is 
not yet reliable. Lymphadenopathy from benign causes can- 
not be distinguished from malignant disease. Likewise, a 
normal-sized lymph node replaced with tumor cannot be 
recognized as abnormal by MR [13, 14]. 

As yet, no large prospective studies have compared the 
accuracy Of MR and CT for staging bladder neoplasms. 
However, preliminary data show MR at least as accurate as 
CT [9, 11, 12]. In one study, MR staging was correct in 12 of 
14 patients [9]. MR failed to detect one case of carcinoma in 
situ and understaged a T4 tumor as a T3A because peritoneal 
metastases were not detected [9]. 


Prostate 


There have been conflicting reports on the ability of MR to 
differentiate prostatic carcinoma from benign hyperplasia. 





Fig. 4.—Transitional cell carcinoma of urinary blad- 
der. Sagittal view (TR 500 msec/TE 30 msec). Poly- 
poid tumor (arrow) has medium signal intensity and 
can easily be distinguished from surrounding low- 
intensity urine (B = bladder). P = prostate; R = 
rectum; seminal vesicles (arrowhead). 


Fig. 5.—A, Transitional cell carcinoma of urinary bladder with extension into right perivesical fat (arrows). 
Axial view (TR 500 msec/TE 30 msec). Seminal vesicles (arrowheads); R = rectum. B, Transitional cell 
carcinoma (arrows) of urinary bladder invading anterior wall of rectum (arrowhead). Axial view (TR 500 
msec/TE 30 msec). s = seminal vesicles. 
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Steyn and Smith [15, 16] found that T1 of carcinoma was 
longer than that of benign hyperplasia when they used a 0.04- 
T resistive imager but the same when measured on a 0.08-T 
resistive unit. When imaged with either unit, benign hyperpla- 
sia had a regular outline and a homogeneous texture, while 
carcinoma had an irregular outline and nonhomogeneous 
texture [15, 16]. More recently, Larkin et al. [7], using a 0.15- 
T resistive imager, showed that heterogeneous signal texture 
was a nonspecific finding and could be seen in both carcinoma 
and hyperplasia, but a focal nodule with prolonged T1 and T2 
was specific for carcinoma. The results based on medium- 
field (0.3-0.6 T) superconducting imagers have been less 
encouraging. With the exception of one early report [2], most 
investigators found it difficult to distinguish carcinoma from 
benign hyperplasia [5, 6, 17]. While prostatic carcinoma often 
creates an area of high signal intensity on T2-weighted images 
(Fig. 6), this appearance is by no means specific for carci- 
noma. Benign prostatic hyperplasia may also appear as hy- 
perintense nodules [6]. Benign hyperplasia has a variable 
appearance (high or low signal intensity), a reflection of its 
heterogeneous composition. Some nodules are cellular, while 
others are fibrous. Other benign conditions, such as acute 
and chronic prostatitis, are also heterogeneous on MR, with 
areas of high signal intensity indistinguishable from carcinoma 
[4]. 

Although differentiation between benign prostatic hyperpla- 
sia and carcinoma is not possible, MR has value because of 
its promise for staging prostatic carcinoma [7, 17, 18]. Be- 
cause the prostatic capsule is not reliably visualized, the 
periprostatic venous plexus, which appears as a high signal- 
intensity rim on a second-echo image, may be a useful land- 
mark for detecting extracapsular invasion [5]. Tumor exten- 
sion into periprostatic fat is best detected on T1-weighted 
images; involvement of seminal vesicles is best seen on T2- 
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weighted images, on the basis of recognition of alteration in 
size or signal intensity. Normal seminal vesicles have a high 
signal intensity on T2-weighted images; invasion of the sem- 
inal vesicles by carcinomas may lead to a lower signal inten- 
sity. Recognition of changes in the signal intensity of seminal 
vesicles may sometimes be a more sensitive indicator of 
tumor invasion than changes in size (Fig. 7). However, we do 
not know whether other conditions, such as inflammation or 
atrophy and fibrosis, may cause a similar decrease in signal 
intensity. 

Extension of prostatic carcinoma into adjacent pelvic or- 
gans can be detected by MRI. Because of Denonville’s fascia, 
the tumor often grows around the rectum to occupy the 
presacral space rather than invading the rectum directly (Fig. 
8). Metastases to lymph nodes can be seen on MR if the 
involved nodes are enlarged. Because lymph nodes have a 
longer T1 than fat, lymphadenopathy can best be appreciated 
on a T1-weighted pulse sequence. Using a spin-echo tech- 
nique with a TR of 500 msec and a TE of 30-35 msec, lymph 
nodes, which appear as medium-intensity structures, can be 
easily separated from high-intensity fat. Likewise, lymph 
nodes can be readily distinguished from the surrounding blood 
vessels, which can either appear black because of “flow void” 
phenomenon or bright because of “even echo rephasing” 
phenomenon [19]. In our experience, MR is superior to CT in 
differentiating small pelvic vessels from lymphadenopathy 
(Fig. 9). Unfortunately, tissue characterization based on MR 
signals is not yet possible. As stated previously, lymphade- 
nopathy secondary to metastatic disease cannot be distin- 
guished from lymphadenopathy due to other causes [13, 14]. 


Conclusions 


MR is a promising technique for the evaluation of the urinary 
bladder and prostate and, although clinical experience is still 





Fig. 6.—Adenocarcinoma of prostate. Coronal 
view (TR 2100 msec/TE 90 msec). High-intensity 
lesion (arrow) located in right lobe of prostate corre- 
sponding to a palpable nodule. 


Fig. 7.—Prostatic carcinoma involving left seminal vesicle. A, Coronal image (TR 2100 msec/TE 90 
msec). Right seminal vesicle (arrow) large but has normal signal intensity. Left seminal vesicle (arrowhead) 
smaller but has abnormally low signal intensity. Pathologic examination of resected specimen showed total 
replacement of left seminal vesicle by prostate carcinoma. Right seminal vesicle was normal. B, CT scan 


shows enlargement of right seminal vesicle with obliteration of right seminal vesicular angle (arrow); 
changes suggest seminal vesicular invasion. s = left seminal vesicle. 
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Fig. 8.—Advanced prostatic carcinoma. Sagittal 
view (TR 500 msec/TE 30 msec). Large mass (M) 
representing contiguous spread of prostatic carci- 
noma lies posterior to rectum (R). s = seminal vesi- 
cles; B = bladder; p = prostate. 


limited, initial results suggest that MR may be useful for 
staging carcinoma of these organs, as well. In contrast to CT, 
in which the diagnosis of tumor invasion is based on size or 
morphologic changes alone, MR has the added advantage of 
being able to detect changes in signal intensity. Determination 
of the accuracy of MR for staging pelvic neoplasms awaits 
large, prospective studies. 
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Reversible Renal Fibromuscular Dysplasia 


Albert A. Nemcek, Sr.,! and Charles E. Holmburg? 


Because fibromuscular dysplasia of the renal artery is con- 
sidered a progressive disease, most authorities agree that 
patients with renovascular hypertension caused by the dis- 
ease should be treated either surgically or by percutaneous 
transluminal angioplasty of the renal artery [1-4]. 

We have observed a patient with hyperreninemic hyperten- 
sion and fibromuscular dysplasia of the right renal artery who 
refused surgical correction 11 years ago. Her hypertension 
was Satisfactorily treated medically during this period. A sec- 
ond renal arteriogram performed recently showed complete 
reversal of the fibromuscular dysplasia. 


Case Report 


A 41-year-old woman, known to be normotensive when seen in 
1969 (at age 25 years) for pregnancy, was found to be hypertensive 
in 1970. A rapid-sequence urogram was normal and she was treated 
with Hygroton (chlorthalidone). Hypertension persisted through 1974 
despite treatment with Butizide (hydrochlorothiazide and butabarbital) 
and Aldactone (spironolactone). At this time a second rapid-sequence 
urogram revealed a small right kidney. In a random sample taken 
from a peripheral vein with the patient in an upright position, renin 
was 3000 ng/100 di. The left and right renal-vein renins were 1530 
and 1740 ng/100 di, respectively. A flush aortogram revealed de- 
creased visualization of the right kidney. Renal arteriography showed 
dysplasia of the right renal artery (Fig. 1). 

The patient refused surgery and was placed on medical therapy 
consisting of Aidomet (methyldopa), inderal (propranoiol hydrochio- 
ride), hydrochiorothiazide and Lasix (furosemide). Her blood pressure, 
which previously ranged from 180/120 to 134/84, with most readings 
in the higher ranges, became normal. 

Eleven years later, in 1985, while still normotensive, the patient 
was reevalulated for renovascular disease. Left and right renal-vein 
renins were 81 and 72 ng/di/hr, respectively, and the aortic renin was 
56 ng/di/hr, all normal values. 
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Right renal arteriography revealed a completely normal right renal 
artery with a mild stenosis of the origin of the right inferior polar artery 
(Fig. 2). Kidney size was normal. 


Discussion 


The cause of fibromuscular dysplasia is unknown, but the 
disease is considered to be progressive. The only previously 
reported case we are aware of that documents improvement, 
but not a reversal to normal, was an 8-year-old girl described 
by Siegler et al. [5]. This hypertensive patient was treated 
medically after fibromuscular dysplasia developed in two left 
renal arteries following failed right renal artery bypass for 
histologically proven fibromuscular disease. 

Current theories of renin release suggest that renin secre- 
tion is stimulated by baroreceptor cells in the juxtaglomerular 
apparatus when there is a gradient between intraluminal 
arterial pressure and renal interstitial pressure. In fibromus- 
cular dysplasia, renal arterial pressure in the affected kidney 
is reduced because of mechanical obstruction, and renin is 
stimulated. If the mechanical obstruction is hereditary, it 
should be unresponsive to pharmacologic intervention. 

The possibility that pharmacologic therapy reversed a me- 
chanical obstruction suggests that the dysplasia is under 
metabolic control. Since the agents that were used suppress 
renin secretion, it is possible that Angiotensin Il, the vasoac- 
tive end point of renin metabolism, may perpetuate and 
mediate fibromuscular dysplasia. If so, drugs such as capto- 
pril, by blocking metabolic conversion of renin to Angiotensin 
ll, would also be able to reduce renin output. Conversely, 
patients with the highest renin output might have the highest 
risk of progression of fibromuscular dysplasia if nothing is 
done to alter the renin-angiotensin cycle. Such pharmacologic 
effects may be slowly mediated, and observation over a 
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Fig. 1.—Selective right renal arterio- 
gram done in 1974 shows fibromuscular 
dysplasia. 


Fig. 2.—Selective right arteriogram 11 
years later shows normal renal artery. 
There is mild stenosis of right inferior 
polar artery. 
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Intraosseous Glomus Tumor: Report of a Case and Review 
of the Literature 


Ann G. Bjorkengren,’ Donald Resnick, Parviz Haghighi, and David J. Sartoris 


The glomus tumor has, despite its rarity, received attention 
in the clinical literature because of its characteristic symptoms 
and its typical location at the fingertips. Radiographic exami- 
nation is negative in most cases, but a smail scalloped bony 
defect in a terminal phalanx has been described in 9-60% of 
cases [1, 2]. Primary intraosseous location of a glomus tumor, 
of which nine cases have been previously described [3-9], all 
in the nonradiologic literature, has a place in the differential 
diagnosis of lytic lesions of the phalanges. Previously de- 
scribed cases have all been located in the distal phalanx. We 
. describe a case of primary intraosseous glomus tumor, not in 
the phalangeal tuft, but in the base of a middle phalanx, 
mimicking an enchondroma. 


Case Report 


A 68-year-old man was evaluated for pain that worsened at night 
and that had been present in the fifth finger of his right hand for 
approximately 5 years. Physical examination demonstrated a tender 
prominence just distal to the proximal interphalangeal joint. Radi- 
ographic examination demonstrated a weli-circumscribed radiolucent 
lesion that involved the proximal aspect of the middie phalanx of the 
fifth finger and that produced endosteal erosion of the adjacent cortex 
(Fig. 1). An enchondroma was considered the most likely diagnosis. 
The lesion was subsequently curretted, and the residual osseous 
defect was filled with cancellous bone graft. The specimen consisted 
of multiple fragments of tan and white tissue, the largest of which 
measured 4 x 3 x 1 mm. Microscopic examination demonstrated 
prominent vascular structures with perivascular nests of glomus cells, 
diagnostic of a glomus tumor of the giomangioma type (Fig. 2). Two 


Received February 21, 1986; accepted after revision May 9, 1986 


months after surgery, the clinical manifestations had completely 
disappeared, and repeat radiographs documented successful incor- 
poration of the bone graft material into the adjacent bone. 


Discussion 


The cutaneous neuromyoarterial glomus is a structure lo- 
cated in the skin whose function in temperature regulation is 
related to arteriovenous shunting of blood. The normal glo- 
mus, Latin for “ball” or “spherical mass,” was first described 
by Hoyer in 1877 [13]; it consists of a specialized vascular 
anastomotic complex surrounded by nerve elements. Glomus 
structures are present diffusely in the skin layer, are more 
common in the palmar and piantar regions, and are particularly 
frequent in the fingertips, especially the region of the naiibeds. 

A glomus tumor is an uncommon neoplasm characterized 
by excessive proliferation of vascular structures with distinc- 
tive large cells, the glomus cells, associated with the smooth 
muscle layer of arteriolar walls and with thickened endothe- 
lium [10]. If the lesion mainly consists of prominent vessels, 
itis called a glomangioma. Masson provided the first accurate 
pathologic description of the glomus tumor in 1924 [13]. In 
1958, Jaffe [11] proposed that the lesion arose in a normal 
glomus organelle, which occasionally can be located in the 
medullary cavity of a bone. Pericytes within the walis of 
intraosseous blood vessels have also been suggested as 
potential cells of origin [4]. 

The characteristic clinical presentation of a glomus tumor 
was first described in 1812 by Wood [13]. The lesion most 
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Fig. 1.—Posteroanterior (A) and lateral (B) views of fifth finger demonstrate 
a lytic lesion involving base of middle phalanx. No soft-tissue mass demon- 
strated, no evidence of matrix calcification or ossification. Cortex is attenuated 
but not interrupted. Lesion is well demarcated and extends to subchondral 
cortex of proximal interphalangeal joint. 


commonly involves the soft tissue, and it frequently is not 
palpable or visible on physical examination because of its 
small size. A small pink or bluish nodule may be observed, 
typically beneath the nail. Characteristic symptoms are usually 
present, including aching pain, exquisite point tenderness, 
and temperature sensitivity. Exposure to cold or minimal 
trauma may trigger severe paroxysmal attacks of pain. This 
combination of findings has been considered specific enough 
for an accurate clinical diagnosis of a glomus tumor in most 
patients. Almost all glomus tumors are benign and do not 
metastasize; exceptionally rarely, a glomangiosarcoma may 
occur [12]. Adequate treatment consists of excision, usually 
by currettage in the setting of an intraosseous localization. 
Incomplete removal of the tumor may result in local recur- 
rence, usually within a few months of surgery. 

Glomus tumors are most commonly soft-tissue lesions that 
do not involve bone. However, in various series, osseous 
abnormalities have been observed in 9% of 23 cases [1], 
14% of 28 cases [13], 15% of 20 cases [14], and 60% of 15 
cases [2]. These abnormalities consist of shallow, well-corti- 
cated osseous defects, generally involving the tufts of the 
distal phalanges adjacent to the tumor, and they are believed 
to result from pressure on the cortex induced by vascular 
pulsations from the lesion. An entirely intraosseous localiza- 








Fig. 2.—A, Microscopic section showing many variously sized vascular 
channels with variable medial thickness. Pericytes are seen between vessels. 
Perivascular edema noted (arrows). (H and E, x40) 

B, Higher magnification (x160) demonstrates pericytes with ill-defined cy- 
toplasmic membranes and uniform round-to-oval nuclei, some of which have 
nuclear grooves (arrows), and evenly distributed chromatin. 


tion of a glomus tumor was first reported by Iglesias de la 
Torre and collaborators in 1939 [3]. Subsequently, eight 
additional cases have been documented [4-9]. In all nine 
previously described cases, the intraosseous glomus tumor 
has been located in the medullary space of a terminal phalanx 
and encased by cortical bone. The radiographic appearance 
in all instances resembled that of an enchondroma, epithelial 
inclusion cyst, or simple bone cyst, and the correct diagnosis 
was usually made only after excision and pathologic exami- 
nation of the specimen. 

In our patient, the radiographic abnormalities were inter- 
preted as most compatible with an enchondroma. The clinical 
history, Suggesting the correct diagnosis and consisting of 
several years of point tenderness and localized pain, at times 
awakening the patient at night, had not, however, been made 
available to the radiologist at the time of interpretation of the 
radiographs. This information would have rendered the diag- 
nosis of enchondroma less likely, even in the setting of 
pathologic fracture. Other less common diagnostic consider- 
ations would have included epithelial inclusion cyst, simple 
bone cyst, aneurysmal bone cyst, metastasis (particularly 
from bronchogenic carcinoma), sarcoidosis, tuberous scle- 
rosis, and xanthoma. 
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Calcific Tendinitis of the Longus Coli: Diagnosis by CT 


Ferris M. Hall,’ William P. Docken,* and Hayes W. Curtis’ 


We describe a case of calcific tendinitis of the longus coli 
muscle in which plain radiographs could not definitively dem- 
onstrate calcific deposits in the prevertebral soft tissues of 
the neck. The diagnosis was made by CT. 


Case Report 


A 50-year-old black woman was admitted to the hospital with 
severe neck discomfort. Symptoms had progressed over the period 
of 1 month to the point of disabling pain for the 5 days before 
admission. There was moderate dysphagia. Oral temperature ranged 
from 99-101°F for the 2 days before admission. There was no 
pertinent past medical history. 

The physical examination was normal except for excruciating pain 
on any movement of the neck. The sedimentation rate was 58. 
Multiple other laboratory examinations were normal including CSF. 
Extensive evaluation, including lumbar puncture, was unrevealing. 
Admission plain neck radiographs showed only prominence of the 
prevertebral soft tissues. The diagnosis of calcific tendinitis of the 
longus coli was entertained but characteristically located soft-tissue 
calcifications could not be definitively identified despite repeat neck 
radiographs with multiple views including flexion and extension (Fig. 
1). However, these were clearly demonstrated on subsequent CT 
(Fig. 2). 

The patient was treated with high-dose indomethacin, analgesics, 
and a cervical collar. Her symptoms gradually subsided over 2 weeks. 
Follow-up imaging studies were not obtained. 


Discussion 


Calcific tendinitis of the longus coli is associated with and 
presumably caused by hydroxyapatite crystals in musculoten- 
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dinous tissues. It is one of the crystalline deposition diseases 
that characteristically occurs near periarticular tendinous in- 
sertions. The diagnosis is most commonly made in the shoul- 
der where the calcifications usually lie in the supraspinatus 
tendon of the rotator cuff or the adjacent subacromial bursa. 
However, calcific tendinitis is a well-known cause of acute 
pain about the wrist (flexor carpi ulnaris), hip (gluteus maxi- 
mus), and ankle (peroneus longus), as well as the neck (longus 
coli). 

Acute calcific tendinitis of the shoulder is occasionally seen 
without radiographically demonstrable soft-tissue calcifica- 
tions, and typical calcifications are sometimes seen without 
acute symptoms. The lack of demonstrable soft-tissue calci- 
fications should not detract from this diagnosis. Knowledge- 
able orthopedists and rheumatologists will often treat patients 
with a classic history by using anesthetic/steroid injections or 
antiinflammatory agents, without obtaining radiologic confir- 
mation. However, in the less common cases of presumed 
calcific tendinitis, occurring at sites other than the shoulder, 
the lack of demonstrable calcifications often prompts consid- 
eration of other diagnoses. 

Calcific tendinitis of the longus coli was first described in 
1964 [1]. A 1984 report and literature review found 34 re- 
ported cases [2]. Relatively few of these cases have appeared 
in the radiologic literature [3-7]. The radiologist needs to be 
familiar with this disease because the symptoms are in the 
purview of a variety of medical specialists, many of whom 
may be unfamiliar with its existence. The typical history is 
that of a middle-aged man or woman with acute or subacute 
posterior neck pain. The pain is often severe and may be 
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Fig. 1.—Admission lateral neck film 
shows prevertebral soft-tissue swelling. 
There are equivocal amorphous calcifica- 
tions anterior to C2 (short arrow) but none 
appreciated anterior to C1. Calcified sty- 
loid-hyoid ligaments (arrows) overlie the 
soft tissues anterior to C1. 


Fig. 2.—CT scan at level of C1 shows 
swollen and calcified right longus coli 
muscle and/or its tendinous insertions (ar- 
row). There is calcification of both styloid- 
hyoid ligaments, greater on the right, seen 
anterior to the lateral masses of C2. Scan 
at level of C2 (not shown) showed similar 
calcifications as suggested on plain radi- 
ograph (Fig. 1). 


accompanied by dysphagia. Range of motion about the cer- 
vical spine is limited. There may be a mild fever, leukocytosis, 
and an elevation of the erythrocyte sedimentation rate, raising 
the suspicion of retropharyngeal infection. Radiographs dem- 
onstrate prevertebral soft-tissue swelling and focal amor- 
phous calcifications anterior to the first and second cervical 
vertebrae. 

We could find no published examples of a CT diagnosis of 
calcific tendinitis of the longus coli muscle, although a number 
of authors have described the typical calcifications on con- 
ventional tomography. In our case, despite clinical suspicion, 
the characteristically located calcifications could not be defin- 
itively identified despite multiple radiographs specifically look- 
ing for them. CT, because of its enhanced contrast resolution 
and axial anatomic display, frequently demonstrates faint 
calcifications not seen on plain radiographs or even on con- 
ventional tomograms. We are aware of one case in which 
faint rotator cuff calcifications, not visualized on plain radi- 
ographs, were demonstrated on CT of the shoulder because 
of the greater contrast resolution (Newberg A, unpublished 
data). 

To our knowledge the definitive diagnosis of calcific ten- 
dinitis of the longus coli is always based on the radiologic 
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findings of characteristic amorphous calcifications in the pre- 
vertebral soft tissues. As awareness of this entity increases, 
the diagnosis will be considered in earlier and more subtle 
cases. We recommend that CT be performed if clinical sus- 
picion is high, and if plain films fail to demonstrate calcification. 
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Inferior Lumbar (Petit’s) Hernia 


Richard B. Lawdahl,' C. Neil Moss, and Jerrold A. Van Dyke 


The inferior lumbar triangle is a normal area of weakness 
in the posterior abdominal wall. It is bounded by the free 
border of the latissimus dorsi posteromedially, the external 
oblique anterolaterally, and the iliac crest inferiorly (Fig. 1) 
[1]. Herniation through this triangle is rare and is known as 
Petit’s hernia or inferior lumbar hernia [2]. The cause may be 
congenital, spontaneous, postinflammatory, traumatic, or sur- 
gical [3]. 


Case Report 


A 78-year-old man was admitted to University of Alabama Hospital 
for treatment of congestive heart failure. He had had an asymptomatic 
mass in his right flank for several years. There was no history of 
surgery. Physical examination revealed a 4 x 6 cm soft right-flank 
mass that increased when the patient coughed or during the Valsalva 
maneuver. No bowel sounds were heard over the mass. An abdominal 
CT was performed to exclude malignancy. CT showed herniation of 


Fig. 1.—Posterior view of back dem- 
onstrates external oblique (arrowhead), 
latissimus dorsi (arrow), and iliac crest 
(curved arrow), which form the borders 
of the inferior lumbar triangle. A Petit’s 
hernia (H) is shown on right. 


Fig. 2.—CT scan shows Petit’s hernia, 
which contains retroperitoneal fat as well 
as a portion of Gerota’s fascia (short ar- 
row). Without other structures in the her- 
nia, the presence of Gerota’s fascia dif- 
ferentiates it from a lipoma. At this level, 
hernia is bounded by attenuated inferior 

, margin of latissimus dorsi (curved arrow) 
and external oblique (/ong arrow). 
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right retroperitoneal fat and Gerota's fascia through the inferior lumbar 
triangle (Fig. 2). No other abnormalities were found. The patient 
received no treatment for the hernia and was discharged after treat- 
ment of his congestive heart failure. 


Discussion 


In 1738 Petit described a case of strangulated lumbar 
hernia through the triangle that now bears his name [3]. 
Lumbar hernias are often asymptomatic, but may produce 
low-back pain, colic, or a pulling sensation that may resolve 
with reduction of the hernia. Diagnosis is usually established 
by the presence of a reducible soft-tissue mass above the 
iliac crest, which enlarges with the Valsalva maneuver or 
coughing. Bowel sounds may be heard over the area of the 
hernia. 

Lumbar hernias may contain peritoneum and intraperitoneal 
organs, or may be entirely extraperitoneal. Contents, in order 
of frequency, include bowel, retroperitoneal fat, and kidney. 
Less frequently, the hernia contains omentum, stomach, 
ovary, spleen, or appendix [4]. Once formed, these hernias 
gradually enlarge. Because the neck of the hernia is usually 
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wide, strangulation is uncommon, occurring in about 10% of 
cases [2, 3]. Treatment may require surgical reduction and 
closure, or simply the use of a belt or truss. 

Lumbar hernias are difficult to diagnose by physical exam- 
ination when they are small, occur in obese individuals, or 
contain only fat. CT is valuable and may be useful to define 
the muscular walls and contents of the hernia, such as bowel, 
kidney, or Gerota’s fascia, before surgery. It is important that 
this abnormality be differentiated from a retroperitoneal tumor 
or abdominal-waill lipoma. 
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Primary Central Nervous 
System Lymphoma: CT and 
Pathologic Correlation 





CT findings of 15 patients with histologically proven primary central nervous system 
(CNS) lymphoma were reviewed with pathologic correlation in order to evaluate variable 
CT patterns. There were a total of 32 lesions. Of the 15 patients studied, seven had 
acquired immunodeficiency syndrome (AIDS), all diagnosed within the past 3 years. The 
CT observations of eight non-AIDS patients were consistent with findings reported 
previously. Most of the lymphomatous lesions were either hyper- or isodense, round or 
oval masses with homogeneous contrast enhancement and variable surrounding edema. 
Pathologic examination showed tightly packed preserved lymphoma cells without ne- 
crosis. in AIDS patients, rim or ring enhancement of lymphoma, indistinguishable from 
brain abscess, was frequently seen. Histologic examination consistently showed exten- 
sive tumor necrosis with preservation of viable tumor cells at the periphery. A third and 
infrequent CT pattern was multiple infiltrative nonnodular solid enhancement with exten- 
sive edema. Pathologic correlation showed infiltrating viable tumor cells without necro- 
sis. The rim- or ring-enhancing brain lesion seen in AIDS patients can either be an 
abscess or a primary lymphoma; proper tissue collection is essential for correct diag- 
nosis and appropriate treatment. 


Primary CNS lymphoma is still a relatively rare primary brain tumor, even with 
the recent increase in AIDS patients. The classic CT observations of primary CNS 
lymphoma have been described as solid, well-circumscribed hyperdense mass(es) 
with homogeneous contrast enhancement and predilection for the basal ganglia, 
corpus callosum, periventricular white matter, and cerebellar vermis. Other CT 
observations, however, such as rim- or ringlike and gyrallike patterns, have not 
been previously emphasized, and to our knowledge there has been no report 
describing the pathologic correlation. In this paper we will describe the spectrum 
of CT findings on primary CNS lymphoma in 15 patients and correlate these findings 
with tissue specimens obtained before initiation of treatment. 


Materials and Methods 


From June 1977 to June 1985, 15 patients with biopsy-proven primary CNS lymphoma 
were seen at The University of Texas M. D. Anderson Hospital and Tumor Institute in 
Houston. Ten of the patients were men and five were women. They ranged in age from 12 
to 65 years (mean age, 38.4 years). i 

Ail CT scans were done before needle or open biopsy and were obtained before and after 
intravenous administration of 300 mi of 30% contrast medium (42 g iodine). The scans were 
performed on different scanners, including GE-8800 (Milwaukee, WI), GE-9800, EMI-1010 
(Hayes, Middlesex, England), Siemens Somatom 2, and Siemens DR-3 (Iselin, NJ). Thirty- 
two lesions in our 15 patients were evaluated with CT. All biopsy or resected specimens 
(n = 15) were reviewed by one of the authors (JMB) and the results were correlated with the 
CT findings. 
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Fig. 1.—Two solid nodular-enhancing lesions in previously healthy 66-year-old woman. Diagnosis of primary 


CNS lymphoma was made on surgical specimen of left temporal lesion. 


Fig. 2.—Multiple-enhancing lesions in 32-year-old male AIDS patient. Irregular rim-enhancing lesion is seen in 


head of right caudate nucleus, in addition to poorly defined rim-enhancing lesion in right thalamus and posterior 
limb of internal capsule (arrow) and solid nodular-enhancing lesion in head of left caudate nucleus (arrowhead). 
Needle biopsy of right caudate lesion revealed lymphoma. Patient received whole brain irradiation of 5200 rad 
(52 Gy). Autopsy 3/2 months after initial diagnosis revealed extensive necrotic lymphoma involvement in both 
basal ganglia and in right thalamus. There was no evidence of intracranial infection and no dissemination of 


lymphoma beyond CNS. 


Fig. 3.—Well-defined right parietal thick ring-enhancing lesion in 24-year-old male AIDS patient proved to be 
lymphoma with extensive necrosis in an open biopsy specimen. Autopsy 2 months after initial diagnosis confirmed 


diagnosis of primary CNS lymphoma without intracranial infection. 


Fig. 4.—“Gyral”-enhancing lesion in right high-convexiety parietal lobe of 35-year-old male AIDS patient. Open 
biopsy revealed lymphoma. Autopsy 1 month later confirmed diagnosis without evidence of CNS infection or 


extraneural lymphomatous involvement. 


Results 
CT Evaluations 


Thirty-two lesions were identified on CT in 15 patients (eight 
non-AIDS and seven AIDS). Fifteen (47%) of the lesions were 
predominantly in the cortex; of these, three showed extensive 
infiltration into the periventricular white matter. The cortico- 
medullary junction was primarily involved in only three (9%) 
of the 32 lesions. Of the remaining 17 lesions, 15 (47%) were 
periventricular and the other two (6%) were in the lateral basal 
ganglia. Vermis and basal ganglia were the favorite sites in 
the non-AIDS patients, and frontal lobe was the most common 
location in the AIDS patients. Edema surrounded 26 (81%) of 
the lesions; the edema/tumor ratio was greater or equal to 
one in 20 lesions. 

A summary of the CT observations is given in Table 1. The 
contrast-enhancing pattern was the only significantly different 
CT feature between non-AIDS and AIDS patients. In the non- 
AIDS patients, the solid nodular pattern (Fig. 1) was the 





predominant pattern and was observed in 12 (75%) of the 
lesions. Only two (13%) of the lesions had a rimlike pattern 
(Figs. 2 and 3). In the AIDS patients, the rimlike pattern was 
observed in seven (44%) of 16 lesions and the solid nodular 
pattern was seen in six (38%). The gyrallike pattern (Fig. 4) 
was observed infrequently (it occurred in two (13%) of 16 
lesions in each group). 


Pathologic Correlation 


In all 15 patients the tissue diagnosis was diffuse large-cell 
lymphoma, which was in accordance with the working for- 
mulation for classification of non-Hodgkin's lymphoma [1]. 
None of the 15 lesions examined had an associated infectious 
process microscopically. The microbiologic cultures in seven 
AIDS patients were negative for bacteria, viruses, and proto- 
zoa. Of the 15 lesions biopsied or resected, the enhancing 
CT patterns were solid nodular in six, rim or ringlike in seven, 
and gyrallike in two. 
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TABLE 1: CT Characteristics of Primary CNS Lymphoma 





Non-AIDS AIDS 
(n = 8) (n = 7) 
Number of Lesions 1 
Multiplicity 
Location 
Frontal lobe 
Parietal lobe 
Temporal lobe 
Occipital lobe 
Basal ganglia 
Thalamus 
Vermis 
Size (cm) 
<2 
2-5 
>5 
Shape 
Round 
Oval 
Multilobular 
Infiltrative 
Precontrast CT Density 
Hyperdense 
Isodense 
Hypodense 
Mixed 
Degree of Contrast Enhancement 
Marked 
Moderate 
Contrast-Enhancing Pattern 
Solid nodular 
Rim or ringlike 
Gyrallike 
Mixed (nodular + rim) 
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Fig. 5.—Extensive lymphomatous infiltration (same patient as in Fig. 1) with 
characteristic dense concentric perivascular cuffing. No necrosis is present. 
x525. 


The solid nodular patterns (six patients) all showed tightly 
packed and preserved lymphoma cells without necrosis (Fig. 
5). Only one of these patients was immunosuppressed. 

The rim- or ringlike patterns (seven patients) all demon- 
strated extensive necrosis with preservation of tumor cells at 
the periphery (Fig. 6). Five of these seven patients had AIDS. 
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Fig. 6.—Extensive central necrosis (N) surrounded by rim of viable tym- 
phoma (L). Normal brain tissue is identified outside lymphoma (B). x200 (same 
patient as in Fig. 3). 





Fig. 7.—Loosely clustered perivascular cuffings of viable lymphoma cells, 
with minimal infiltration into intervening brain tissue where residual neurons 
(arrows) and reactive astrocytes (arrowheads) can be identified. No necrosis 
is present. x525 (same patient as in Fig. 4). 


The gyrallike patterns (two patients) were seen in the 
cortical region. Microscopically, the tumor cells were loosely 
clustered, forming perivascular cuffs with infiltration into the 
interlacing reactive brain tissue (Fig. 7). One lesion was ob- 
served in an AIDS patient and the other in an immune- 
competent 12-year-old patient. 


Discussion 


Primary CNS lymphoma is a relatively rare primary brain 
tumor and there is controversy regarding its cell of origin. 
“Perithelial sarcoma” [2], primary reticulum cell sarcoma of 
brain [3, 4], and microgliomatosis [5], with its possible peri- 
vascular or microglial origin, have been used to describe the 
same primary neoplastic lymphoproliferative process in the 
CNS. The term “primary malignant lymphomas of CNS” has 
generally been accepted in recent years because these lym- 
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phomas are similar to a wide range of extraneural malignant 
lymphomas [6-11]. It is postulated that these lymphomas 
might be the neoplastic counterparts of the normal process 
of lymphocyte transformation [12, 13]. There is evidence of 
an increasing incidence in recent years, particularly among 
allograft transplant recipients [14-16] and AIDS patients [17- 
19]. The AIDS epidemic, however, has contributed most 
significantly to this increase. Of the 15 patients in this series, 
five diagnoses were made between 1977 and 1982 and none 
was related to AIDS. Of the remaining 10 patients, all seen 
within the past 3 years, seven had AIDS. 

The classic CT appearance of primary CNS lymphoma has 
been well described [20-25]. In general, these lymphomas 
present as relatively large, sharply demarcated, hyper- or 
isodense, round or oval mass lesions located in the basal 
ganglia, corpus callosum, periventricular white matter, and 


Fig. 8.—Precontrast (A and B) and postcontrast (C and D) CT scan before initiation of brain irradiation 
shows two solid “gyral"-enhancing lesions in right frontal and left occipital lobes in previously healthy 
immune-competent 12-year-old boy. Lesions extend from cortex to periventricular structures with surround- 
ing edema. Hypodensity in right frontal lobe (*) resulted from recent open biopsy that revealed large-cell 
lymphoma. Repeat CT scan 2 months after initial diagnosis, with 5395 rad (54 Gy) whole brain irradiation 
after 6 weeks, showed complete resolution of lymphomatous infiltration. 


cerebellar vermis. Moderate-to-marked homogeneous con- 
trast enhancement is usually observed without central hypo- 
density. Multiple lesions are frequently present. 

CT observations of 16 lesions in our eight non-AIDS pa- 
tients agree with previous reports [20-25]. The tumor masses 
are pathologically composed of densely packed neoplastic 
cells of lymphoreticular origin with a characteristic pattern of 
dense perivascular concentric cuffing. Hypercellularity, not 
hypervascularity, without necrosis may be responsible for the 
hyper- or isodensity of the tumor mass on the noncontrast 
CT and for the homogeneous enhancement on the postcon- 
trast CT. The pathologic examination of our tissue specimens 
with the solid nodular CT pattern supports this postulation. 

The CT and pathologic findings in the AIDS patients, how- 
ever, are frequently different from the classic pattern. Nearly 
half the lesions have an abscesslike appearance, with rim or 
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Fig. 9.—A and B, Left frontal irregular 
rim-enhancing lesion with partial solid 
nodular mass in 35-year-old male AIDS 
patient. This pathologically proven ne- 
crotic lymphomatous lesion cannot be dif- 
ferentiated from glioblastoma multiforme. 
A small additional solid-enhancing lesion 
is seen in right frontal corticomedullary 
junction (arrow in A). 


ring enhancement and central hypodensity. This observation 
is less common in non-AIDS patients. Pathologic examination 
consistently showed extensive necrosis of the tumor mass 
with preservation of viable tumor cells at the periphery. Cen- 
tral necrosis had also been reported as a common finding of 
CNS or extraneural lymphomas in the organ transplant recip- 
ients who, like AIDS patients, are immunocompromised [26, 
27]. We have no explanation for this central necrosis. Exten- 
sive immunomorphologic examinations of these cases should 
provide further understanding. 

An unusual gyrallike, solid-enhancing pattern, which to our 
knowledge has not been previously described, occurred in 
three patients. One child with normal immune status had 
extensive gyrallike lesions interlacing with edematous but 
tumor-free brain tissue in two different locations (Fig. 8). The 
lesions extended from the cortex into the periventricular white 
matter. The tissue specimen revealed viable tumor cells clus- 
tered together without necrosis. The lesions responded to 
cranial irradiation and disappeared completely (by CT) imme- 
diately following the completion of treatment. The second 
patient, who had AIDS, had more subtle gyrallike enhance- 
ment in the parietal cortex (Fig. 4). The biopsy specimen 
showed loose clusters of viable cells without necrosis. The 
patient died of cytomegaloviral pulmonary infection and sepsis 
3 weeks later. Autopsy results showed extensive necrosis of 
lymphoma, probably resulting from radiation therapy. There 
was a small number of viable neoplastic cells within the 
meninges and around the large vessels bordering the necro- 
sis. No evidence of infection was found in the brain. The 
biopsy specimens in these two patients were unfortunately 
too small and fragmented for a more detailed CT-pathologic 
correlation. The third patient, also an AIDS patient, had as- 
sociated solid-nodular and ring-enhancing lesions. Biopsy of 
the gyrallike lesion was not done. 

Differential diagnosis of primary CNS lymphoma includes 
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meningioma, metastasis, brain abscess, enhancing infarction, 
and primary glial tumor. Solitary hyperdense-enhancing lym- 
phoma, when situated near the surfaces of the brain, should 
be differentiated from meningioma; angiography may be nec- 
essary to confirm or exclude the latter. Metastatic lesions, 
either solitary or multiple, are more difficult to differentiate. 
Classic CT findings of hyper- or isodensity, homogeneous 
enhancement, and periventricular location might be helpful to 
make primary CNS lymphoma the more likely diagnosis. 
Nevertheless, tissue proof is mandatory, particularly when no 
primary malignancy is known. The solid-enhancing pattern 
and the favored locations can distinguish lymphoma from 
brain abscess without difficulty, although the early cerebritis 
Stage of an abscess might be confusing. 

It is impossible to differentiate ring- or rim-enhancing CNS 
lymphoma from brain abscess, particularly when the patient 
is immunosuppressed. Opportunistic CNS infections in im- 
munocompromised patients are common [19, 28, 29]. Toxo- 
plasmosis is the most frequent CNS parenchymal infection in 
AIDS patients [28, 29]. Common findings of extensive necro- 
sis in malignant lymphoma and toxoplasmosis in immunocom- 
promised patients often cause a diagnostic dilemma and delay 
the proper management. Cases of lymphoma misdiagnosed 
as toxoplasmosis at biopsy have been reported in AIDS 
patients [19, 28]. An example of how this might occur was 
seen in a patient with AIDS in our series. On two occasions, 
needle biopsy of a ring-enhancing lesion revealed only ne- 
crotic tissue without viable cells. The third tissue collection, 
open biopsy, finally revealed a small portion of viable lym- 
phoma cells at the periphery of extensive necrotic tissue. A 
large necrotic-enhancing lymphomatous mass may occasion- 
ally mimic a malignant glial tumor (Fig. 9). The rare gyrallike 
lymphomatous involvement can sometimes be confused with 
an enhancing-resolving infarction. 

In conclusion, adequate tissue specimens are essential for 
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correct diagnosis and initiation of appropriate treatment of 
primary CNS lymphoma, since lymphomas may mimic brain 
abscesses on CT, particularly in immunosuppressed patients. 
Multiple samples or a carefully directed biopsy with immediate 
frozen section confirmation of the adequacy of viable tissue 
is mandatory. 
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Minimal Asymmetry of the 
Brain: A Normal Variant 





Normal cerebral asymmetry, well-known to neuroradiologists, is not widely recognized 
by radiologists in general. In our review of CT brain scans, 31 of 300 patients with a 
negative neurologic examination and no history of birth injury, head trauma, or seizure 
had recognizable asymmetry of the frontal horns of the lateral ventricles. The right 
frontal horn and the right cerebral hemispheres were larger than the left twice as often 
as left were larger than right. The right frontal lobe was wider than the left in 44% of 
patients and extended as far anteriorly or more anteriorly than the left in 22% of patients. 
The right central hemispheric mass tended to be wider than the left, resulting in slight 
displacement of the pineal gland to the left, in approximately 45% of cases. The posterior 
end of the left Sylvian fissure projected farther posteriorly in 10% of the patients. 
Occipital petalia and a more posterior position of the calcified glomus of the choroid 
plexus of the lateral ventricle were both common on the left side of 56%. Earlier studies 
of the brain by other methods have also shown asymmetry. An awareness of these 
anatomic asymmetries in normal individuals should preclude the erroneous diagnosis 
of an atropic or mass lesion. 


In the era of pneumoencephalography, a dilated lateral ventricle with a shift of 
the septum pellicidum indicated an atrophic lesion on the side of the shift, unilateral 
obstruction of the foramen of Monro, or a mass on the side opposite to the shift. 
Symmetry of the ventricular system, and parenthetically, of the cerebral hemi- 
spheres, was the sine qua non of a normal study, except for asymmetry of the 
occipital horns without displacement or deformity, which was empirically accepted 
as a normal variant. Despite these criteria, normal cerebral asymmetry has been 
recognized by anatomists, anthropologists, and neurologists for some time 
[1-11]. Although neuroradiologists [12-19] are familiar with normal cerebral asym- 
metry, there is insufficient recognition of this entity among radiologists in general. 
The purpose of this paper is to familiarize radiologists with normal ventricular 
asymmetry on the CT scan as an expression of asymmetric brain development. 


Materials and Methods 


We reviewed 300 well-positioned, axial transverse CT scans of the brain carried out on 
patients who presented one of the following: nonspecific headache, dizziness with normal 
hearing and no cerebellar signs; or depressive disorder. None of the patients had a history of 
previous birth injury, head trauma, or seizure. All of the patients had had a negative neurologic 
examination. The age of the patients was 15-62 years (mean: 36.2). There were 159 men 
and 141 women. Unfortunately, information regarding right- or left-handedness was unavail- 
able because of the retrospective nature of the study. 

Scans were performed on a GE 8800 or 9800 high-resolution CT scanner with the scanning 
angle 20° craniocaudad to the orbitomeatal line. Ten-millimeter contiguous sections were 


‘obtained before and after IV contrast enhancement. Soft-tissue and bone-window radiographs 


of the monitor images were used for measurement. All scans were reviewed and measure- 
ments made independently by two observers on two separate occasions. The observers 
recorded the presence of asymmetry of the frontal, temporal, and occipital horns of the lateral 
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ventricles and of the corresponding lobes. The position of the septum 
pellucidum and the widths of the frontal lobes from the inner table of 
the skull to the septum were measured on scans made through the 
frontal horns (Fig. 1A). The position and relative size of the occipital 
horns and the measurement of the widths of the occipital lobes were 
determined from scans made through the trigones or occipital horns 
of the lateral ventricles (Fig. 1B). The widths of the occipital lobes 
were measured from the inner table of the occipital bone to the 
interhemispheric fissure. 

Asymmetry of the temporal lobes was judged by differences in the 
anteroposterior length and width of the Sylvian fissure. However, no 
actual measurements of the distance between the frontal and tem- 
poral opercula were made. The posterior limit of the Sylvian fissure 
was determined from the scan demonstrating the third ventricle, the 
atria, and the insular region (Fig. 2). Whenever the pineal gland was 
calcified, the distance from the inner table of the skull to the center 
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Fig. 1.—A, Diagram of axial CT scan 
though frontal horns. AB = width of right 
frontal lobe; BC = width of left frontal 
lobe; P = pineal; DP = distance from 
center of pineal to right inner skull table. 
B, Diagram of axial CT scan through tri- 
gones and occipital horns of lateral ven- 
tricles. EF = width of right occipital lobe. 


Fig. 2.—Sixty-year-old woman with mild gen- 
eralized atrophy and asymmetry of Sylvian fis- 
sures. Note displacement of septum to right. Did 
patient have asymmetric normal ventricles before 
onset of atrophy? Posterior end of Sylvian fissure 
(arrow); planum temporale (arrowhead); 1 = an- 
terior tranverse temporal gyrus (Heschl). 

Fig. 3.—Prominent left occipital petalia (arrow) 
with more posterior location of left glomus. 


of the calcified gland was measured to determine the width of the 
midportion of the hemispheres. The presence or absence of frontal 
or occipital petalia (i.e., anterior or posterior extension of one hemi- 
sphere beyond the other) was also noted [20] (Fig. 3). Similar obser- 
vations were made with respect to the calcified glomera of the choroid 
plexi of the lateral ventricles. The mean was calculated from each 
observer's measurements. Intra- and interobserver agreement were 
89.5% and 92.8%, respectively. 


Results 


Thirty-one (10.3%) of the 300 patients had recognizable 
asymmetry of the frontal horns of the lateral ventricles. In 21 
patients, the right frontal horn was larger than the left with a 
slight shift (1-2 mm) of the septum pellucidum to the left (Fig. 
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Fig. 4.—Slight dilatation of right frontal horn with shift of 


4). In 10 patients, the left frontal horn was larger than the 
right with a similar septal shift to the right. In 269 patients, 
the frontal horns were equal in size. 

The right frontal lobe was wider than the left in 132 cases 
(44%), the left frontal lobe wider than the right in 59 patients 
(20%), and both frontal lobes equal in 109 patients (36%). 

There was equal anterior extension of both frontal lobes in 
60% of the patients, right anterior extension (right frontal 
petalia) [21] in 22%, and left anterior extension (left frontal 
petalia) in 18%. 

Sixty-two percent of the patients had calcified pineal glands. 
The pineal was situated to the right of the midline by 0.5 mm 
or more in 2% of the cases, indicating a wider left central 
hemispheric mass. Similar displacement of the calcified pineal 
gland to the left by a wider right central hemispheric mass 
was found in 45%. Using this criterion, the central hemispheric 
masses were equally wide in 53% of the cases. 

In 20% of the patients, the right parietooccipital areas was 
wider than the left; the left parietooccipital area was wider 
than the right in 49%; both areas were equal in 31% of cases. 

There was equal posterior extension of the occipital lobes 
in 86 patients (29%), right occipital posterior extension (right 
occipital petalia) in 46 patients (15%), and left occipital pos- 
terior extension (left occipital petalia) in 168 cases (56%). 

There were 126 patients (42%) with bilateral calcification of 
the glomus of the choroid plexus of the lateral ventricles. In 
this group, the calcifications were symmetrically aligned in the 
anteroposterior axis in 42 patients. There was a more pos- 
terior position of the right glomus in 17 patients and of the 
left glomus in 67 patients. The posterior end of the left Sylvian 
fissure was situated more posteriorly than the right in 70% of 
the patients. There was no apparent correlation between 
normal cerebral asymmetry and the gender of the patient. 


Fig. 5.—Dilated left frontal horn and localized 


MINIMAL BRAIN ASYMMETRY: A NORMAL VARIANT 755 


Fig. 6.—Asymmetry of frontal horns with smaller 
septum pellucidum to left indicating relative increase in porencephaly without shift of septum in 6-year- right lateral ventricle and shift of septum to left. Note 
width of right frontal lobe. Note mild left occipital petalia old boy with left cerebral atrophy and history of obliteration of right sulci by subdural hematoma. 
associated with slightly more posterior location of left glo- right hemiplegia since birth. 

mus (normal variant). 


Discussion 


“Normal” asymmetry of the cerebral hemispheres has been 
reported at necropsy [22, 23] and on various imaging studies 
such as cerebral pneumoencephalography [15, 18], cerebral 
angiography [13, 14], CT [12, 17, 19, 24, 25] and sonography 
(26, 27]. This asymmetry bears no relationship to the gross 
asymmetry secondary to early unilateral ischemia or hypopla- 
sia, which are frequently associated with corresponding ab- 
normalities in the calvarium. The right cerebral hemisphere is 
heavier than the left [22], associated with enlargement of the 
right lateral ventricle. As LeMay and Kido [17] noted, and as 
we found, also, the central portion of the right cerebral hemi- 
sphere is commonly wider than the left, regardless of cerebral 
dominance, probably an explanation for the location of calci- 
fied pineal gland slightly to the left of the midline (1-2 mm) in 
many normal patients. Indeed, a minimal shift of the pineal 
gland to the right may be a subtle sign of a space-occupying 
lesion in the left cerebral hemisphere. HadZiselimovic and Cus 
[20] noted asymmetry of the occipital pole in 56% of 250 
skulls. In their series, the left occipital pole was wider and 
extended more posteriorly (occipital petalia) in 37%. Enlarge- 
ment of the left occipital pole was often accompanied by right 
frontal and temporoparietal enlargement [17, 28]. 

Asymmetry may affect an entire hemisphere, one or more 
lobes, or a specific gyral area. The area most frequently 
involved is the retroinsular cortex, that is, the posterior speech 
area [5, 6]. In a large adult series published in 1980, Eber- 
Staller [23] noted that the posterior horizontal ramus of the 
left Sylvian fissure was longer than the right in 63% of brains. 
Cunningham [3] reported the left Sylvian fissure to have a 
more shallow upward slope than the right. Similarly, Wada et 
al. [9] found that the newborn child commonly had a larger 
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left planum temporale, the triangular area caudal to the trans- 
verse gyrus of Herschl on the dorsal surface of the temporal 
lobe. This finding was confirmed by Chi and his coworkers 
[29], who demonstrated asymmetry of the temporal lobes, 
including the Sylvian fissure, in a study of fetal brain devel- 
opment. Further confirmation was provided by Rubens et al. 
[30], who compared Sylvian fissures in a series of 36 adult 
brains and noted a characteristic pattern of emergence of the 
posterior portion of the fissure in approximately 70%. After 
an initial similar course on both sides, the right fissure angled 
sharply upward into the inferior parietal area, while the left 
continued posteriorly. Consequently, the right hemicerebrum 
had a smaller parietal operculum and planum temporale, a 
high Syivian point, and enlargement of the inferior parietal 
area posterior to the Sylvian fissure. These reports agree with 
the angiographic findings of LeMay and Culebras [14] that 
normal enlargement of one cerebral hemisphere is commonly 
associated with a wider postcentral gyrus, a longer Sylvian 
fissure, and a lower Sylvian point in the ipsilateral hemisphere. 

A number of investigators have correlated anatomic find- 
ings with functional dominance [5, 6, 28]. Because the ana- 
tomic differences between the two hemispheres are present 
at birth [26, 27, 31], a genetic basis for the functional asym- 
metries has been suggested [5, 6, 22, 28]. The widened left 
Sylvian fissure is a reflection of the larger left temporal lobe. 
Along these lines, Gerschwind and Levitsky [6] found that the 
left planum temporale, part of Wernicke’s speech area, was 
significantly larger than the right in 65 of 100 adult brains 
(mean difference 0.9 cm). This observation lends further sup- 
port to the hypothesis of functional anatomic correlation on a 
genetic basis. 

The normal variant can be differentiated from minimal atro- 
phy by a shift of the septum pellicidum away from the dilated 
ventricle, absence of dilated sulci, and a normal calvarial 
thickness on the side of the dilated ventricle (see Fig. 4). The 
atrophic hemicerebrum is characterized by a shift of the 
septum pellicidum toward the ipsilateral hemisphere, dilated 
sulci, and, at times, thickening of the corresponding calvarium 
(Fig. 5). A frontal-space—occupying lesion is characterized by 
some compression of the corresponding ventricle as well as 
displacement of the septum to the opposite side (Fig. 6). 
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Lumbar Herniated Disk 
Disease and Canal Stenosis: 
Prospective Evaluation by Surface 
Coil MR, CT, and Myelography 





Sixty patients with suspected lumbar herniated disk and/or canal stenosis were 
studied prospectively with surface coil MRI, CT, and/or myelography, and the results 
were compared with the surgically confirmed abnormality. Forty-eight patients had 
lumbar surgery at 62 levels. There were no negative explorations. Thirty-nine patients 
had a myelogram and CT. Thirty of the CTs were performed following the injection of 
metrizamide for myelography. Nine patients had a CT without intrathecal contrast 
material 1 to several days before the myelogram. Six patients had myelography oniy, 
and three patients had CT only. All studies were evaluated for the location and type of 
disease in a forced choice fashion. independent of the surgically correlated levels, there 
was 86.8% agreement between the MR and CT studies in all patients at 151 levels and 
87.2% agreement between MR and myelography at 218 ievels. At the operative levels, 
there was 82.6% agreement between MR and surgical findings for both type and location 


of disease; 83% agreement between CT and surgical findings; and 71.8% agreement 


between myelography and surgical findings. There was 92.5% agreement when MR and 
CT were used jointly, and 89.4% agreement when CT and myelography were used 


jointly. The results of this study indicate that a technically adequate MR examination 


was equivalent to CT and myelography in the diagnosis of lumbar canal stenosis and 
herniated disk disease. CT and MR can be complementary studies, and surface coil MR 
can be viewed as an alternative to myelography. 


Previous experience has indicated that MR can identify lumbar canal stenosis 
and herniated nucleus pulposus. However, current experience shows that with 
conventional body coil imaging, MR cannot be considered equivalent to CT and/or 
myelography for the evaluation of small or lateral disk herniations, neural forarninal 
disease, and canal stenosis. The reasons most often cited for this are the slice 
thickness and spatial resolution of MR and its inability to discriminate cortical bone 
from soft tissue [1-6]. It has been suggested by us and others that the introduction 
of surface coil imaging, which provides an improved signal-to-noise ratio over a 
limited distance, might obviate these disadvantages by trading off the increased 
signal-to-noise for thinner slices and thus a smaller voxel element with a concomi- 
tant improvement in spatial resolution. This could then provide an MR examination 
that would be equivalent to CT or myelography [4, 7, 8]. 

To test this hypothesis we undertook a prospective study on a group of patients 
who were presumed to have herniated disk, lumbar canal stenosis, or both. We 
compared the results of surface coil MR with CT and/or myelography without 
reference to either the clinical information or other imaging observations. These 
findings were then compared with the surgically confirmed pathology for an 
objective measure of accuracy. 


Materials and Methods 


Sixty patients were admitted to this study between September 1984 and February 1985. 
The patients were referred for enrollment in the study on the basis of their clinical history and 
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a physical exam that indicated a strong probability of herniated disk 
or lumbar canal stenosis, with the likelihood they would require 
surgery. Patients with a known diagnosis and/or a prior imaging 
study—for example, CT and/or myelography—were excluded. All 
patients who entered the study were scheduled for an MR and 
either a CT, myelogram, or both. Although most patients had a 
myelogram followed by high-resolution CT, in some, the number and 
sequence of examinations were determined by patients’ convenience, 
Clinical preference, and financial considerations. All exams were com- 
pleted within 1 week. In most cases, MR was the first examination, 
followed by myelography and then CT. Forty-eight patients aged 19- 
73 years (mean, 46) had lumbar surgery at 62 levels. There were no 
negative explorations. 

In the operated group, all 48 patients had an MR and at least one 
other study (CT and/or myelography). Thirty-nine patients had a 
myelogram and CT. Thirty of the CTs were performed after the 
patient was injected with metrizamide for myelography at delays of 
2 to 6 hr. Nine patients had CT 1 to several days before the 
myelogram, without an injection of intrathecal contrast. Six patients 
had myelography only, and three patients had CT only. 

CT was performed on either a Delta 2060 or Pickerview 1200 
synerview unit with a 120-130 kV and 400-800 mAs. Lateral scout 
images were obtained in all patients for alignment of the sections. 
Sections of 5 mm were obtained through at least the L5 and L4 
levels, and the L3 level if indicated. 

Myelography was performed after the installation of 8-14 ml of 
190 mg/dl metrizamide in the lumbar subarachnoid space. Routine 
anteroposterior, lateral, and oblique films were obtained with the side 
of interest in the dependent position. 

The MR examinations were performed on a 0.6 T superconductive 
unit (Teslacon-Technicare, Solon, OH) using a prototype surface coil. 
The surface coil was circular, 12 cm in diameter, and composed of 
5%-in. copper tubing. It served as a receiver only; a 50-cm body coil 
served as the radiofrequency transmitter. 

The MR study involved four separate acquisitions. First, patient 
position and coil placement were determined with a single coronal 
image with the X-gradient turned off for orientation. The remaining 
acquisitions were obtained with a 4-mm slice thickness, 1-mm gap, 
and four averages. The first of these was a 32-msec echo time (TE)/ 
0.5 sec repetition time (TR) sagittal study consisting of 10 sections 
obtained in 4.4 min. The second was a 90-msec TE/2-sec TR sagittal 
study with 12 sections obtained in 18 min. The last was a transverse 
32-msec TE/2-sec TR study with 12 sections obtained in 18 min 
through the suspected level(s) of abnormality, with the angle of 
acquisition adjusted, if necessary, for true transverse images through 
the disk space. The matrix size for all studies was 128 x 256. 

When the study was complete, copies of the examination were 
collected for subsequent, independent interpretation with only the 
hospital number for identification. The MR, CT, and myelographic 
examinations were interpreted by three of us, without access to the 
patients’ names, clinical information, or results of other imaging 
studies. All studies were evaluated via a forced-choice method for 
the location and type of disease(s) and for compression of the spinal 
nerve(s) or thecal sac. An attempt was made to determine if the 
abnormality was caused by a herniated disk or by canal stenosis 
from bony or soft-tissue compression. The two major types of ste- 
nosis, central and lateral, including both foraminal and lateral recess 
stenosis, were grouped under the broad heading of spinal stenosis. 
The abnormalities in the last category were grouped under the broad 
heading of spinal stenosis. 

Other observations noted were the presence or absence of arach- 
noiditis, signal changes within the vertebral body, and whether the 
herniated disk appeared to be protruding or whether it seemed to be 
a free fragment. 
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The three separate MR acquisitions were interpreted in the follow- 
ing manner. First, the sagittal T1-weighted short TE/TR images were 
evaluated for disk-space height; canal compression; presence and 
configuration of epidural fat and nerve root in the neural foramina in 
the parasagittal plane; disk position and configuration; vertebral body 
signal; and upper lumbar neural canal, including the conus (Figs. 1A 
and 1B). The signal intensity of the disk and adjacent vertebral 
endplates were evaluated on the T2-weighted sagittal image (long 
TE/TR) (Fig. 1C). In addition, the CSF-extradural interface was 
examined for the presence or absence of herniated disk and canal 
stenosis. The axial images, which produced the highest signal inten- 
sity, were evaluated for the disk, thecal sac, and canal contour as 
well as for the nerve roots within the epidural fat (Fig. 1D). 

The MR and CT criteria for herniation were similar. Briefly stated, 
they involved identifying a focal extention of the disk margin beyond 
the vertebral margin, with resulting epidural-fat, nerve-root, or thecal- 
sac displacement. On myelography, the changes sought were a sharp 
wedge- or tent-shaped indentation of the anterior or lateral aspect of 
the thecal sac and/or nerve root sleeve. 

Criteria for lumbar stenosis on MR or CT were (1) a distortion or 
paucity of epidural fat either in the neural foramina, lateral recess, or 
posteriorly between the ligamentum flavum, and (2) a diminution in 
the overall size of the neural foramina, neural canal, and /or thecal 
sac. An attempt was made to determine the contribution of hypertro- 
phied facet joints and bony overgrowth as well as hypertrophy of the 
ligamentum flavum. 

The surgical operative findings were then reviewed and included 
on a general demographic form with the patient's name, age, gender, 
and clinical data. Subsequently, a computer match was made with 
the imaging studies at the operative levels. 


Results 


Tables 1 and 2 list the agreement and disagreement, re- 
spectively, among MR, CT, and myelography with the surgical 
findings. A match was also made with the combined results 
of MR and CT, and of CT and myelography. In this last 
grouping, if one of the diagnostic tests was confirmed at 
surgery, it was rated as an agreement. 

Independent of the surgically correlated levels, there was 
an 86.8% agreement between the MR and CT findings in all 
patients (operated or not) at 151 levels. The agreement with 
myelography at 218 levels was 87.2%. The difference in the 
number of levels reflects the visualization of the L1 through 
L3 levels by MR and myelography, areas not routinely ex- 
amined by CT. 

At the operative levels, there was an 82.3% agreement 
between MR and surgical findings for both type and location 
of disease; an 83% agreement between CT and surgical 
findings, and a 71.4% agreement between myelography and 
surgical findings. When the operated levels were broken 
down into those studied with plain CT and those studied with 
metrizamide CT, the agreement with surgical findings was 
91% (11 of 12) and 81% (33 of 41), respectively. There was 
a 92.5% agreement when MR and CT were used jointly, and 
an 89.4% agreement when CT and myelography were used 
jointly. All disks shown to be normal by MR were also shown 
to be normal on both CT and myelography. 

For the 11 cases in which there was disagreement between 
the MR and surgical findings, the breakdown was as follows. 
In four patients the MR diagnosis was that of a herniated disk 


AJR: 147, October 1986 LUMBAR HERNIATED DISK AND STENOSIS 759 








Fig. 1.—A, Normal midline sagittal 4-mm MR section; TE = 30 msec, TR = 0.5 sec. Note epidural fat 
posteriorly in midline (arrow). B, Normal parasagittal 4-mm MR section through neural foramen; TE = 30 
msec, TE = 0.5 sec. Note decreased signal of nerve roots surrounded by epidural fat (arrow). C, Normal 
midline sagittal MR 4-mm section; TE = 90 msec, TE = 2.0 sec (same as A). D, Normal transverse 4- 
mm MR section through L4 vertebral body; TE = 32 msec, TR = 2.0 sec. Note thecal sac and nerve 
root (arrow) surrounded by epidural fat. 


TABLE 1: Lumbar Surgical Findings and Imaging Results: Agreement by Location and Disease 
Type 


























Surgical Surgical Surgical Findings/ Surgical Surgical Findings/CT 
i 7 Findings/MR Findings/CT Myelography Findings/MR & CT & Myelography 
No. of levels 62/62 53/53 56/56 53/53 47/47 
Herniation 32/28 29/25 32/27 29/26 28/26 
Stenosis 30/23 24/19 24/13 24/23 19/16 
% Agreement 82 83 71 92 89 
TABLE 2: Lumbar Surgical Findings and Imaging Results: and the surgical findings were those of canal stenosis. In one 
Disagreement by Location and Disease Type case, MR diagnosed stenosis of the neural foramina, but 
~ Imaging/Surgical Findings : MR CT  Myelography surgery demonstrated a lateral disk. In three cases, there was 
Herniation/Stenosis 4 2 3 narrowing of the lateral recesses noted at surgery, while the 
Stenosis/Herniation 1 3 3 MR was interpreted as normal at these levels. In three cases, 
ba E EET : z ; MR was read as disk herniation with stenosis posteriorly, 
o aisease/nerniation ; ; 
Herniation and stenosis/Herniation while surgery demonstrated only a herniated disk. | 
only 3 0 0 Of the total of 28 surgically confirmed herniated disks, MR 
Total 17 9 16 predicted a free fragment in six. This was surgically confirmed 
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Disagreements between the CT and surgical findings were 
similar to those found between MR and surgery. Exceptions 
were that CT misdiagnosed two cases of lateral stenosis and 
one herniated disk, which were accurately identified by MR. 
Three cases identified by MR as herniation and stenosis were 
accurately diagnosed by CT as herniation only. 

The disagreements between myelographic and surgical 
findings occurred at 16 levels; eight of these were at the L5- 
S1 levels. The remaining eight cases were those in which 
myelography failed to show lateral stenosis, which was iden- 
tified at the time of surgery. 

In the 12 patients studied but not operated on, one had 
metastatic disease identified by MR where there was dimin- 
ished signal intensity on the T1-weighted images of the in- 
volved vertebral bodies. Bony changes were not noted on 
either CT or myelography. One patient had an ependymoma 
at the L2-L3 level identified by both MR and myelography 
but not by CT, because it was above the level of the study 
(the patient had an L5 radiculopathy clinically) (Fig. 2). Two 
patients had arachnoiditis identified by myelography but not 
by MR. Two patients had lumbar canal stenosis, and one had 
a disk herniation identified by MR and/or CT and myelography, 
but all three chose conservative management. Five patients 
had normal MRs and normal CTs and/or myelographic stud- 
ies. 


Discussion 


In this study, surface coil MR was as accurate as CT and 
slightly more accurate than myelography in evaluating lumbar 
disk disease and canal stenosis. The combined results of MR 
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Fig. 2.—32-year-old man with L5 
radiculopathy. A, Anteroposterior radi- 
ograph of lumbar spine at L3 level after 
installation of metrizamide into thecal 
sac. Note intradural filling defect at level 
of needle. CT without metrizamide per- 
formed before this study was normal to 
level of L3 pedicles. B, Sagittal 4-mm 
MR section (TE = 30 msec, TR = 0.5 
sec) showed intradural mass of inter- 
mediate signal intensity at L2 and L2- 
L3 levels (arrow). An ependymoma was 
identified at surgery. 


and CT were as accurate as those of CT and myelography. 

The accuracy of MR in this study can be ascribed to the 
use of a surface coil, which produces an improved signal-to- 
noise ratio and allows the use of a smaller imaging voxel 
element. The coil itself is not responsible for the thinner 
sections that are usually achieved with a stronger imaging 
gradient. Rather, the surface coil allows the signal-to-noise in 
the smaller voxel elements to remain adequate for imaging. 
In addition, it serves to reduce the patient-generated noise 
and is not as affected by artifacts from respiratory motion and 
blood flow. 

The contour of herniation of the intervertebral disk was 
characteristic in the majority of cases. An angular protrusion 
of the disk with sharp (rather than rounded) margins was the 
rule in most cases on both the transverse and sagittal images 
(Fig. 3). Lateral herniations of the intervertebral disks could 
be identified by distortion of this epidural fat on parasagittal 
images (Fig. 4) but were better seen on transverse images. 
On the more T2-weighted sagittal images (90-msec TE/2-sec 
TR) there is a relative increase in the signal of the central 
portion of the normal disk. In cases of disk degeneration this 
central region demonstrates a decreased signal intensity. 
Thus, suspected levels of abnormality related to disk degen- 
eration could be identified on the sagittal images and were 
helpful in directing the transverse examination. All levels of 
herniation identified were associated with a decreased signal 
intensity of the disk on the sagittal 90-msec TE/2-sec TR 
images relative to normal disks and adjacent CSF. 

The transverse 30-msec TE/2-sec TR images produced 
the highest signal of the three techniques, and the long TR 
allowed a sufficient number of slices at 4 mm to cover three 
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Fig. 3.—28-year-old woman with left L4 radiculopathy. A and B, Sagittal 
midline 4-mm MR sections; TE = 30 msec, TR = 0.5 sec, and TE = 90 msec, 
TR = 2.0 sec. There is a “pinched off” herniated appearance of L4 disk with 
an increased signal intensity of herniated segment when compared with re- 


disk spaces. There was excellent demonstration of the epi- 
dural fat and nerve roots in the neural foramina laterally, and 
the overall dimensions of the lateral recesses and neural 
foramina could be consistently and accurately assessed. The 
posterior and lateral configurations of the disk (Fig. 5) were 
seen best with this pulse sequence and it was the most 
accurate for demonstrating lateral disk herniation and imaging 
of the neural foramina (Fig. 6). 

There were five cases in which the signal intensity of the 
herniated disk segment remained higher than the CSF on the 
axial images (30-msec TE/2-sec TR). In two of these, free 
fragments were identified at surgery (Fig. 3). 

These three pulse sequences were also complementary in 
the evaluation of canal stenosis (Fig. 7). The T1-weighted 
image was useful in evaluating the size and contour of the 
neural canal, foramen, and thecal sac as well as the location 
of the conus medullaris, which can be obscured by the 
relatively increased signal intensity of the CSF on longer TE 
and TR images. However, cortical bone and surrounding 
fibrous or ligamentous structures are manifested by a de- 
creased signal intensity on this pulse sequence, and may be 
difficult to separate. 

The more T2-weighted sagittal images allowed an accurate 
assessment of the extradural-CSF interface and overall canal 
dimensions, and were particularly accurate for identifying 
anterior and/or posterior extradural defects in cases of canal 
stenosis. 

The techniques in this study were kept constant to reduce 
variability from patient to patient; and although this approach 
provided satisfactory results, there is certainly room for further 
study of various pulse sequences and other technical factors. 
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mainder of intervertebral disk. C, Transverse 4-mm MR section (TE = 32 msec, 
TR = 2.0 sec) through L4 disk. There is a large disk herniation, with herniated 
fragment showing slightly higher signal than remaining disk. At surgery, a large 
free fragment was identified. 


For instance, in work done subsequent to this study it has 
become apparent that certain modifications of the exam tech- 
nique can produce equivalent, and in some cases improved, 
accuracy. This would include a multislice-multiecho technique 
in the sagittal plane that allows a 30- and 90-msec TE to be 
acquired simultaneously with a 2-sec TR. This produces a 
high-signal sagittal image as well as a heavily T2-weighted 
image without increasing the exam time. Experience at 1T 
suggests the transverse images can be acquired with a 
shorter TR (e.g., 0.5 sec), which produces an adequate signal 
for anatomic evaluation in much less time. This allows multiple 
separate acquisitions with the appropriate angle for the var- 
ous disk levels without increasing the overall exam time. With 
this pulse sequence technique the lumbar nerve roots can be 
identified within the thecal sac on the transverse images by 
the higher signal intensity from the surrounding CSF. 

In comparing the results of surface coil MR with high- 
resolution CT and water-soluble myelography, certain recog- 
nizable advantages and disadvantages of the various studies 
became apparent. Despite the accuracy of high-resolution CT 
and plain-film myelography [with studies showing from 72- 
97% agreement with surgical findings (9—15)], recognizable 
problems exist, and in many clinical situations these modali- 
ties are used together. 

Myelography still involves considerable radiation and the 
need for intrathecal contrast medium, and, despite reasonably 
acceptable side effects with nonionic agents, is still an inva- 
sive procedure and in most situations is performed only on 
hospitalized patients. The diagnostic accuracy of myelogra- 
phy is questionable in cases of far lateral disease and at the 
L5-S1 level, where the epidural space may be large. MR, on 
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Fig. 4.—40-year-old woman with right S1 radiculopathy. A, B, and C, 
Anteroposterior lateral and oblique radiographs of lumbar spine from metriza- 
mide myelogram. There is a subtle extradural defect involving right S1 nerve 
root on anteroposterior and oblique radiographs (arrows) and a mildly increased 
anterior extradural space at L5-S1 level on lateral radiograph. D, Parasagittal 
4-mm MR section (TE = 30 msec, TR = 0.5 sec) 1 cm off midline. There is 


the other hand, requries no intrathecal contrast agent or 
ionizing radiation, and, in this study, was as accurate or more 
so than myelography for lateral disease and at the L5-S1 
level. However, at present, myelography still has some ad- 
vantages in certain situations. In this study there were two 
cases in which myelography was more sensitive to changes 
of arachnoiditis than was either MR or CT. And while surface 
coil MR can examine the entire lumbar canal, the potential 
exists for the entire spinal axis to be studied in a shorter 
period of time with myelography. 
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posterior lateral herniation of L5 disk indenting the epidural fat (arrow). E, 
Transverse 4-mm MR section (TE = 30 msec, TR = 2.0 sec) angled to L5 disk. 
Note right posterior lateral herniation of L5 disk (arrow). F, Transverse 5-mm 
high-resolution CT section through L5 disk showing right posterior lateral 
herniation of L5 disk similar to MR study (arrow). 


At our institution, CT is usually performed only to the L3 
level. Moreover, owing to time and radiation considerations, 
it may be impractical to examine the entire lumbar canal with 
an appropriate slice thickness and spatial resolution. Trans- 
verse imaging is the rule; reformatting and secondary recon- 
struction, while sometimes helpful, result in a corresponding 
loss of spatial and contrast resolution. Appropriate scan an- 
gles are needed for the intervertebral disks and this may be 
difficult at the L5-S1 level because of limitation in gantry 
angulation. With MR, the entire lumbar canal, including the 


Fig. 5.—A and B, Sagittal midline 4-mm MR 
section (TE = 30 msec, TR = 0.5 sec, and TE = 
90 msec, TR = 2.0 sec) through lumbar spine. 
There is a decrease signal of L3 and L4 disks and, 
to a lesser extent, of L5 disk on TE = 90 msec, TR 
= 2.0 sec image. There is mild posterior protrusion 
of disk at L3 and L4 levels. C, High-resolution CT 
and D, transverse 4-mm MR section (TE = 32 msec, 
TR = 2.0 sec) through the L4 disk. On high-reso- 
lution CT image, there is a smooth central protru- 
sion of L4 disk (arrow). On MR image, there is 
protrusion of L4 disk with sharp margins suggestive 
of herniation (arrow). Herniation was confirmed at 
surgery. Similar angulations of disk margin were 
also noted at L3, but surgery was performed only 
at L4 level. 


Fig. 6.—A and B, Contiguous 5-mm transverse 
high-resolution CT images through lower L4 verte- 
bral body and disk level. There is paucity of epidural 
fat laterally on left as well as mild prominence of L4 
disk on left (arrow). C and D, Contiguous transverse 
MR images (TE = 30 msec, TR = 2.0 sec) through 
same levels as A and B. Note reduction of epidural 
fat and narrowing of neural foramina surrounding 
L4 nerve root (arrow). There is acute angulation of 
margins of L4 disk laterally on left (arrows) that was 
found to represent a lateral disk herniation at sur- 
gery. Note decreased signal of disk in D when 
compared with C, which is partially through verte- 
bral body. 
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Fig. 7.—62-year-old man with pseudoclaudication consistent with lumbar 
canal stenosis. A, Lateral view on metrizamide myelogram. Anterior extradural 
defects are noted at L3, L4, and L5 levels. B, Sagittal midline 4-mm MR section 
(TE = 32 msec, TR = 0.5 sec) showing marked canal stenosis from both 
anterior and posterior extradural elements. There is minimal scoliosis at L3 and 
L4. C, Sagittal midline 4-mm MR section (TE = 90 msec, TE = 2.0 sec) again 
showing marked canal stenosis, further emphasizing major contribution from 
posterior elements, proven at surgery. All visible disk levels show a decreased 


region of the conus, may be examined in the sagittal plane 
without prolonging the exam time. Images can be obtained in 
any plane and at any angle off the primary orthogonal planes. 
On the other hand, unlike CT, the angle of acquisition of MR 
is set for an entire acquisition and is not as flexible in terms 
of changing disk levels. 

Although every effort was made to eliminate bias in this 
Study, certain potential flaws became apparent. First, al- 
though herniated disks were treated in a precise fashion, the 
treatment of spinal stenosis as a broad category was advan- 
tageous to MR. In order to facilitate statistical analysis we 
chose to treat stenosis in a more global manner. We felt this 
was appropriate because of the diffuse and multilevel nature 
of the process and because the surgical approach in the 
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signal, presumably secondary to degeneration. D, High-resolution CT after 
metrizamide myelogram at L4 level. There is marked compression of thecal 
sac from hypertrophic bony changes involving facet joints and posterior ele- 
ments. E, Transverse MR image (TE = 30 msec, TR = 2.0 sec) through same 
level as C. Compression of thecal sac is similar to that in high-resolution CT. 
Epidural fat is well seen, but signal from ligamentum flavum and posterior bony 
elements is confluent. Note decreased signal intensity within bony changes in 
right facet joint, which is seen in certain cases of degenerative disease (arrow). 


lumbar region is usually more encompassing, entailing a bilat- 
eral laminectomy at more than one level. 

Second, while the surgical appraisal of herniation was 
precise, that of stenosis was often more general in the oper- 
ative description; yet it must be assumed to be correct 
because it cannot be tested. This can produce problems in 
the analysis, and it must be assumed that at least one false 
surgical diagnosis was probably made. This is illustrated by 
one of the 11 patients for whom there was disagreement 
between the operative findings and those of MR, CT, and 
myelography. The surgical diagnosis was that of bony facet 
overgrowth. Postoperatively, there was no improvement in 
this patient, and a subsequent MR study again identified what 
appeared to be a herniated L5 disk with the surgical changes 


~ 
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predominately at the L4 level. Another problem, noted by 


Haughton et al. [11], is that a nuclear fragment lodged behind 


the posterior longitudinal ligament, which may be diagnosed 
correctly as a herniated disk by CT and MR, may appear as 
a bulging anulus (which would be assumed to be secondary 
to a spondylitic process in conjunction with other spondylitic 
changes) and thus might be categorized as stenosis at the 
time of surgery. 

A final criticism would be our grouping of all CTs together, 
those performed with metrizamide (30 of 42) and those per- 
formed without it (12 of 42). We chose to do this to simplify 
the analysis. It has been suggested by some that metrizamide 
CT is superior to plain CT [10, 16]; but similar accuracy, 
especially with herniated disk disease, has been reported with 
plain CT [11, 17]. In this study the results showed a slightly 
greater agreement of surgery with plain CT, but the numbers 
are too small to draw any meaningful conclusion. It is further 
understood that metrizamide CT, while an invasive test, can 
potentially provide a more accurate delineation of the thecal 
sac and the evaluation of intradural and intramedullary lesions. 

Despite these limitations, the results of this study indicate 
that a technically adequate MR examination was equivalent 
to CT and myelography in diagnosing lumbar canal stenosis 
and herniated disk disease. In this study, there was still 
significant disagreement, ranging from 17-29%, with the sur- 
gical findings when any of the three techniques was used 
alone. This disagreement was most apparent in cases of 
lumbar stenosis. Thus, in both herniated disk disease and 
lumbar canal stenosis, a combination of studies may be 


indicated for preoperative evaluation. In such cases, CT and - 


MR can be complementary studies and MR can be viewed 
as an alternative to myelography. 
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Diagnostic Imaging of the Acutely injured Patient. Edited by Thomas H. abi Baltimore: Urban & Schwar- 
zenberg, 250 pp., 1985, $47.50 


The purpose of this book as stated in the introduction is to serve 
as a basic reference guide to aid in selection of various imaging 
techniques for evaluation of the acutely injured patient. It comprises 
12 chapters. Eight chapters are written by the editor and the remain- 
ing chapters by four contributing authors. 

The first chapter is a review of the traumatologist’s approach to 
the acute trauma patient, with a nice overview of the clinical assess- 
ment and the use of a trauma score system to judge the severity of 
injury. The chapter contains several tables, including imaging studies 
most frequently used and indications for arteriography in the acute 
trauma setting. The 11 remaining chapters are divided by anatomic 
regions of interest. In each anatomic area the discussion includes 
imaging studies that are applicable to the particular situation. Use of 
tables and algorithms is extensive. Although not referenced in the 
text, a short list of references follows each chapter. There is no index; 
in order to find a specific topic, the text concerning appropriate 
anatomic area must be perused. Most of the radiographs are of 
excellent quality, although several are reversed or printed upside 
down. Also, it would be desirable to print all lateral views of the spine 
oriented in the same direction throughout (either right or left) for 
consistency. The two CT head scans in the section on skull trauma 
are vintage 1979 and 1982, and are not cropped well; most of the 
remaining CT scans are of appropriate quality. 

The main problem with the book, which limits its appeal to radiolo- 


gists, is the superficial coverage of the use of imaging studies and 
the inclusion of some basic normal radiographic anatomy, all of which 
will be familiar to practicing radiologists and most traumatologists. In 
addition, the normal anatomic examples are all radiographs, not 
special imaging studies, and usually appear in the text after illustra- 
tions of pathologic conditions. The limited scope of the discussion 
excludes, for example, the typical osteochondral fractures of the 
patella or femoral condyle associated with patellar dislocation. Injuries 
to the immature skeleton are not discussed as a separate section, 
and receive scant coverage throughout the text. Plastic deformity is 
excluded. Most of the issues in the selection of proper imaging 
Studies are not discussed in enough detail to make the text a useful 
guide to the radiologist. Although MR is included in the introduction 
as an imaging technique to be discussed, its limited mention in the 
text presumably reflects the shortcomings of MR in the acute trauma 
setting. 

Although not stated in the introduction, the book's primary audi- 
ence may be the trauma physician, medical student, and emergency 
medical technologist. It does not fill a needed gap in reference material 
for the practicing radiologist. 


Thomas G. Goergen 
UCSD Medical Center 
San Diego, CA 92103 
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Cystic Necrosis of the Spina 
Cord in Compressive 
Cervical Myelopathy: 
Demonstration by lopamidol 
CT-Myelography 





Seven consecutive patients with compressive cervical myelopathy were studied with 
standard water-soluble contrast myelography and immediate CT followed by delayed 
CT of the spinal canal at 10 to 12 hr. Every case demonstrated findings suggestive of 
necrosis and/or cavitation of the central portions of the spinal cord on the delayed CT 
study. Two types of abnormalities were visualized in the form of delayed collections of 
contrast media inside the cord: (1) bilateral enhancement, a double-barreled “snake- 
eyes” appearance at or near the level of compression (consistent with central gray 
matter necrosis and/or cavitation—local syringomyelia ex-vacuo); and (2) longitudinally 
oriented, “pencil-shaped” central enhancement of variable length distant from the level 
of compression (consistent either with an enlarged central canal—hydromyelia ex- 
vacuo—or with necrosis and/or cavitation extending craniad and caudad from the area 
of maximal compression and located in or near the anterior portion of the dorsal 
columns—distant syringomyelia ex-vacuo). These findings, supported by previous re- 
ports of autopsy specimens, may explain in part: (1) the frequent discrepancy between 
the levels of maximal cervical compression and the variable neurologic signs; and (2) 
the frequent lack of improvement in clinical signs after surgical decompression of the 
spinal cord at this late stage of the illness. We believe similar intramedullary lesions 
may be present in other cases of chronic compression of varying etiology at any location 
within the spinal cord. 


Compressive lesions of the cervical spinal canal commonly present in three ways: 
incidental radiographic findings; signs of cervical nerve root compression; and/or 
signs of cervical spondylotic myelopathy (CSM). This paper deals with the latter 
phenomenon, which has created much consternation as a result of the following 
clinical inconsistencies [1-15]. Frequently, the neurologic findings do not correlate 
with the level of maximal compression as seen on myelography. Often there are 
variable sensory and motor findings suggestive of a transverse spinal lesion, 
amyotrophic lateral sclerosis, central cord syndrome, Brown-Sequard syndrome, 
or syringomyelia syndrome. Atrophy of the hand muscles (whose motor cells are 


. at the C8 and T1 spinal cord levels) is often seen in association with lesions present 


at higher cervical levels. At surgery, the cord may appear not to be compressed. 
Surgical decompression often does not improve the clinical signs and occasionally 
may worsen the neurologic condition. After surgery the myelopathy may continue 
to progress. Wilson et al. [15] concluded, “Mounting evidence now implicates 
etiologic factor(s) in addition to, or instead of, compression of neural structures 
because: (a) levels of dysfunction often do not correspond to the location of 
vertebral osteophytes; (b) evidence of spinal cord compression by ventral osteo- 
phytes is often slight or absent at laminectomy; and (c) myelographic findings do 
not always correlate with neurologic involvement.” 

In 1958, Brain and Wilkinson [4] found radiographic signs of cervical spondylosis 
in 24 out of 52 cases of syringomyelia. They hypothesized that the process of 
cervical bony joint degeneration was intensified in patients with syringomyelia. A 
1981 publication by Lucci et al. [16] suggests, at first glance, a similar phenomenon. 
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However, they postulate that two of their cases of CSM had 
syringes secondary to the cervical spondylosis. Although no 
CT photographs of these cases were shown, they stated that 


the nonenchanced CT scans revealed cervical intramedullary . 


cavities. In 1982, Tsuji [17] mentioned a case of cervical canal 
stenosis and syringomyelia, but gave no details. Another 
single case was reported in 1983 by Mossman and Jestico 
[18]. They performed an immediate and a delayed (6 hr) CT 
scan of the cervical spine after intrathecal injection of metri- 
zamide in a patient who already had a laminectomy for CSM. 
The delayed scan revealed a large-enhancing cavity or syrinx 
in the center of the spinal cord. 

Despite the recent suggestion that the various forms of 
secondary syringohydromyelia are exceptionally rare [19], we 
elected to follow the advice of Quencer et al. [20]: “This case 


[of spinal cord glioma] points out the need to perform delayed | 


metrizamide CT even in the face of normal myelography when 
there is a strong clinical indication of spinal cord. abnormality.” 
We wished to investigate the possibility that the aforemen- 
tioned inconsistencies found with CSM may, in fact, be ex- 
plained by radiographically demonstrable intramedullary le- 


sions (i.e., syringomyelia ex-vacuo) secondary to various ` 


causes of cervical cord compression. 


Materials and Methods 


From July 1984 through January 1985, we investigated seven 


consecutive patients admitted with symptoms arising from severely 
stenotic Spinal canals of developmental and acquired origin. in each 
case, the patient presented with a long (months or years) history of 
progressive myelopathy and with clinical finidngs of sensory, motor 
and reflex deficits consistent with a cervical myelopathic process. 
All the patients in this study had low lumbar punctures with 
instillation of 10 mi of iopamido! (Niopam 300). The contrast material 


was then manipulated into the cervical region, and routine filming 


was done. Subsequently, an immediate CT was performed followed 
by a delayed CT 10-12 hr later. Earlier (6-8 hr) and later (24 hr) 
scanning done in these cases showed inadequate contrast-medium 
penetration at 6-8 hr and poor cord/cavity differentiation (i.e., nearly 
isodense) at 24 hr. The CT examination was performed both at the 
level of maximal spinal stenosis as well as above and below the 
stenotic canal, with the exam extending into the upper cervical and 
lower thoracic regions, respectively. Narrow window level and width 
CT filming was performed on the delayed study to electronically 
enhance the accumulation of contrast medium within the spinal cord 
‘at these various levels. In examinations where the sections were 
contiguous, reformatting was performed in both the sagittal and 
coronal planes to further elucidate the nature and extent of the lesion. 
All of the myelographic procedures were performed on a standard 
radiographic tilt table under fluoroscopic control. The CT examination 
was carried out on a General Electric 9800 scanner (Milwaukee, WI). 
Slice thicknesses of 3, 5, and 10 mm were obtained depending on 
the level examined. Our control group of patients. included a total of 
eight individuals examined for reasons other than myelopathy. They 
had the identical myelograpnic procedure (the same amount and 
concentration of contrast medium was administered) and the same 
type of subsequent CT evaluation. None -of these controls demon- 
strated any evidence of abnormality on the immediate CT examina- 
tion, nor was there an abnormal accumulation of contrast medium 
within the spinal cord on delayed evaluation. No patient in either the 
control group or the tested group had any adverse reaction or clinical 
deterioration during or after the intrathecal iopamidol injection. 
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Case Reports 
Case 7 


This 58-year-old woman was first seen because she had 
been unable to walk for 1 year on account of weakness. On 
examination, there was mild touch and pinprick sensory deficit 
in the C8 and T1 distribution bilaterally and severe hypesthe- 
sia (all sensory modalities) below the knees in both legs. The 
ankle jerks were absent, but knee jerks and upper limb deep 
tendon reflexes were 3+. Bilateral Hoffmann’s reflexes. were 
present. Plantar stimulation caused down-going toe reflexes. 
There was. a positive Romberg test. The upper limbs were 
moderately weak and spastic throughout. The lower limbs 
were moderately weak throughout, but the patient could not 
walk, mainly because of severe sensory ataxia. 

The myelogram showed a nearly complete block at the C6- 
C7 interspace due to developmental stenosis coupled with 
acquired spondylotic changes as well as severe lumbar ste- 
nosis. Immediate CT evaluation at this same cervical level 
revealed a remarkably atrophied spinal cord surrounded by a 
moderate-sized subarachnoid space and sagittal narrowing 
of the spinal canal (Fig. 1A). A repeat CT exam 10 hr later at 
the C6-C7 level indicated that contrast medium had collected 
inside the cord and concentrated in areas corresponding to 
the right and left gray-matter zones (Fig. 1B). This “snake- 
eyes” appearance was seen only at and near the level of the 
spondylotic bar. However, extending above (Fig. 1C) and 
below (Figs. 1D and 1E).this.level was a separate, longitudi- 
nally oriented, “pencil-shaped” zone of intramedullary contrast 
collection. This central, longitudinali lesion was well seen only 
when the window setting of the CT computer console was 
sufficiently narrow to enhance the accumulated contrast (Figs. 
1D and 1E). 

The patient underwent a lumbar laminectomy for de- 
compression of the cauda equina. There has been gradual 
improvement in her lower-limb: function. To date, a cervical 
decompression has not been done. 


Case 2 


This 40-year-old man was seen in May 1984. He had a 3- 
year history of electriclike sensations -radiating into his back, 
left thumb, and left leg when he flexed his neck. He also 
complained of general body weakness. On examination, he 
was found to have a positive Lhermitte’s sign. There was 
touch and pinprick sensory deficit over the left C8 and T1 
zones. His strength was good, but the deep tendon reflexes 
were 3+ to 4+ throughout and there was a left ankle clonus. 

Radiographs of the cervical spine revealed developmental 
spinal stenosis. A subsequent myelogram demonstrated in- 
terruption of contrast medium by a C6-C7 spondylotic proc- 
ess. An immediate CT study at the same level confirmed the 
narrowed sagittal diameter of the spinal canal, the postero- 
lateral osteophyte, and the associated spinal cord atrophy 
(Fig. 2A). On delayed CT examination 10 hr later, an intra- 


medullary lesion appearing as a pencil-shaped contrast den- 


sity was found extending longitudinally below the point of 
compression and into the thoracic spinal cord (Fig. 2B). The 
“snake-eyes” lesions were not identified in this patient. 
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CT IN COMPRESSIVE MYELOPATHY 





Fig. 1.—Case 1. A, CT immediately following 
iopamidol myelogram. Note atrophied cord at C6- 
C7 (site of maximal spondylosis) with typical col- 
lapse at juncture (arrow) of lateral and posterior 
columns (L = 125, W = 250). B, Delayed CT study 
10 hr later. Note “snake-eyes” appearance consist- 
ent with bilateral necrosis and/or cavitations (ar- 
rows) in region of central gray matter (L = 125, W 
= 80). C, Delayed CT study. Axial view of upper 
cervical spinal cord revealing extension of central 
density (arrow) craniad to C6-C7 level (L = 115, W 
= 150). D, Delayed CT study. Reconstructed cor- 
onal view in upper thoracic segments suggesting 
relatively normal appearance of lower thoracic cord 
(arrow) surrounded by iopamidol (L = 280, W = 
250). E, Same as C, except window settings are 
narrowed, revealing pencil-shaped density (arrows) 
extending longitudinally through center of spinal 
cord. A similar appearance was seen on lateral 
reconstructions. The smooth edges of the contrast 
and bone densities are due to electronic “smearing” 
at these narrow window settings (L = 150, W = 
60). 


Fig. 2.—Case 2. A, Immediate post- 
myelographic CT study demonstrating 
C6-C7 osteophyte formation (arrow) and 
cord atrophy with flattening (L = 75, W = 
350). B, Mid-thoracic cord axial CT ex- 
amination 10 hr later. The centrally en- 
hancing lesion (arrow) is seen when nar- 
row window settings are used (L = 85, W 
= 60). 
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The patient underwent a cervical laminectomy. Postopera- 
tively, his neurologic exam has been unchanged, but the 
electric shocks he experienced during neck flexion have dis- 
appeared. 


Case 3 


This 64-year-old man had a 2-year history of stiffness and 
weakness in both legs, with his legs often giving way while 
he was walking. On examination, he had good extremity 
strength and sensation, but his tone was moderately spastic 
in all four limbs. Deep tendon reflexes were 4+ in his arms 
and legs. He had positive Babinski and Hoffmann signs. He 
walked slowly with a spastic gait. The Romberg test was 
normal. 

The conventional radiographs and myelogram revealed de- 
velopmental stenosis and a prominent spondylotic bar at C3- 
C4. Bar and cord atrophy were confirmed on an immediate 
CT study (Fig. 3A). The typical “Napoleonic hat” appearance 
(upside down in the CT view) of the spinal cord in cross 
section was seen. Immediate CT examinations above and 
below the primary, compressive lesion showed moderate but 
less severe atrophy. At the C3-C4 level a 10-hr delayed CT 
scan (Fig. 3B) demonstrated the “snake-eyes” appearance 
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resulting from an apparent intramedullary collection of con- 
trast medium in the right and left central gray matter. Above 
(Figs. 3C and 3D) and below the C3-C4 spondylosis, proper 
settings of window levels allowed presentation of centrally 
located intramedullary contrast enhancement, the contrast 
medium that was presumably lying in central zones of necro- 
sis and/or cavitation. 

The patient underwent a decompressive cervical laminec- 
tomy. To date, his neurologic examination remains as it was 
before surgery. 


Case 4 


This 57-year-old man had had a ventriculoperitoneal shunt 
inserted 4 years earlier for normal pressure hydrocephalus, 
which was diagnosed as a cause of his gait disturbance. In 
the same year, a metrizamide myelogram was attempted by 
a C1-C2 level puncture, but without success. The patient’s 
gait disturbance accelerated into a progressive quadriparesis 
and spasticity of unclear origin (i.e., from normal pressure 
hydrocephalus, cord injury during attempted myelography, or 
cervical spondylosis). A zone of suspended, painful dyses- 
thesia from C4 to T4 levels evolved. On examination, there 
was mild loss of temperature and pinprick sensation bilaterally 





Fig. 3.—Case 3. A, Immediate postmyelographic CT exam at level of C3-C4 spondylosis. The 
spondylotic encroachment on atrophied cervical cord is seen (L = 200, W = 450). B, Delayed (10 hr) scan 
at C3/C4 level. Atrophied cord has concentrated contrast media bilaterally in region of deep gray matter 
(arrows) (L = 190, W = 80). C, Delayed CT study at C1 level. The narrow window setting causes loss of , 
cord-CSF definition but brings out abnormal central density (arrow) (L = 85, W = 80). D, Coronal reformat 
of delayed CT above C3-C4 spondylotic bar, illustrating single irregular, longitudinal zone of necrosis and/ 
or cavitation (arrows) in upper cervical cord (L = 110, W = 60). 
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from C4 to T4, inclusively. He had a mild spasticity of all 
limbs, but his strength was good. There were bilateral, posi- 
tive Hoffmann’s reflexes and a normal response to plantar 
stimulation. Deep tendon reflexes were 3+ throughout. 

The myelogram revealed a developmentally narrow canal 
with spondylotic bars at C4-C5 and C5-C6. A CT scan done 
immediately thereafter demonstrated a severely atrophied 
cord surrounded by a moderate-sized subarachnoid space. 
The delayed study failed to suggest any pencil-shaped central 
cavitation, but the classical double-barreled “snake-eyes” ab- 
normality was seen at the level of the spondylosis (Figs. 4A 
and 4B). These intramedullary lesions appeared to lie within 
the central gray matter. 

The patient has been followed in the neurology clinic. No 
cervical decompression has been performed, and his neuro- 
logic status remains unchanged. 


Fig. 4.—Case 4. A, This delayed post- 
myelographic CT scan (10 hr) at CS illus- 
trates bilateral collection of contrast me- 
dia in central gray zones (arrows) giving 
typical “snake-eyes” appearance at level 
of spondylosis (L = 120, W = 150). B, 
The double-barreled, 1-cm-long lesion (ar- 
rows) is well seen on coronal reformat (L 
= 120, W = 150). 


A 
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Fig. 5.—Case 5. A, Lateral reformat of immediate CT myelogram at mid- 
cervical level. Ossification at the posterior longitudinal ligament at C5 and C6 
is seen (arrows) and adjacent cord is atrophied (L = 330, W = 850). B, Delayed 
(10 hr) CT scan at C5 level. Window levels set to show bilateral, intramedullary 
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Case 5 


This 48-year-old man was seen for a prolactinoma that was 
well controlled by bromocriptine. His chief complaint was 
difficulty in walking and occasionally falling during the past 
year. On examination, there was slight, bilateral optic atrophy 
and reduced visual acuity. His strength was good, but severe 
spasticity was present in all four limbs. Deep tendon reflexes 
were 4+ throughout, and Hoffmann and Babinski signs were 
positive bilaterally. The sensory examination was within nor- 
mal limits. 

The axial CT and sagittal reformat showed ossification of 
the posterior longitudinal ligament at C5 and C6 levels (Fig. 
5A). Marked focal cord atrophy was present at these same 
levels. A delayed (10 hr) CT exam at the level of cord compres- 
sion again illustrated the abnormal bilateral contrast collec- 
tions in the central gray-matter zones (Fig. 5B). Above and 








collection of contrast media (arrows) (L = 160, W = 150). C, Delayed CT scan 
at C3 with narrow window settings revealing abnormal central intramedullary 
enhancement (arrow) (L = 100, W = 100). 
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below the levels of ossification of the posterior longitudinal 
ligament, the spinal cord appeared relatively normal at wide 
window settings. However, at narrower window levels (Fig. 
5C), these same sites now were seen to have centrally 
located, abnormal contrast collections within the spinal cord. 

A decompressive cervical laminectomy was done. Postop- 
eratively, there has been minimal improvement in the patient’ s 
gait and spasticity. 


Case 6 


This 65-year-old man had a history of cervical injury. He 
complained chiefly of pain in the left thumb and index finger 
that had been present for several months. He had a 3-month 
history of electriclike sensations radiating into both arms and 
legs during neck flexion. On examination, his reflexes, 
strength, and tone were normal. Touch and pinprick sensa- 
tions in the thumb and index finger were reduced bilaterally. 
A positive Lhermitte’s sign was present. 

Conventional spine films revealed mid- and lower-cervical 
developmental spinal stenosis, Forestier’s disease (idiopathic 
skeletal hyperostosis) of the cervical spine, and an old fracture 
of the hyperostotic mass at C6. Myelography with CT dem- 
onstrated moderate cord atrophy (Fig. 6A). A delayed CT 
scan failed to show any necrosis/cavitation in the cervical 
region, but an intramedullary density coursed through the 
thoracic spinal cord (Fig. 6B). 

This patient’s signs and symptoms have remained un- 
changed without surgical intervention. 


Case 7 


This 63-year-old man complained of neck pain, loss of 
strength in all limbs, and difficulty urinating for 8 months. On 
examination, he had a wide-based, spastic gait. There was 
marked spasticity and mild weakness in all four limbs. Sen- 
sation was intact. Deep tendon reflexes were 4+ throughout. 
There was ankle clonus on the right, and bilaterally positive 
Babinski and Hoffmann reflexes. 
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Fig. 6.—Case 6. A, Initial CT section 
at level of cervical spondylosis immedi- 
ately after iopamidol myelogram. Note 
moderate flattening of spinal cord (L = 
70, W = 650). B, Delayed (12 hr) CT scan 
in lower thoracic region. lopamidol con- 
centrated (arrow) within spinal cord is 
noted at narrow window settings (L = 75, 
W = 60). 





The iopamidol myelogram demonstrated a prominent C4- 
C5 spondylotic bar with partial obstruction to contrast flow in 
cervical extension. The subsequent CT demonstrated a mark- 
edly atrophic cervical spinal cord (Fig. 7A). “Double-barrel” 
necrosis/cavitation was seen in the mid-cervical region at 10 
hr, and contrast material had collected centrally within the 
thoracic cord (Fig. 7B), but no abnormal accumulation could 
be identified craniad to C4-C5. 

A C4-C5 diskectomy by the anterior approach was carried 
out. Since then, there has been little improvement in the 
patient's clinical symptoms and signs, although his clinical 
course seems to have stabilized. 


Discussion 


It appears that special techniques of CT examination of the 
spinal cord 10-12 hr after water-soluble contrast (iopamidol) 
myelography permit demonstration of intramedullary lesions 
at and distant from levels of known spinal cord compression. 
These studies, while placing additional demands on time and 
scheduling, provide rather solid evidence, not heretofore dem- 
onstrated in a consecutive series of patients, that spinal cord 
compression can and does create both local and remote 
intramedullary spinal cord zones of destruction and apparent 
cavitation. The occurrence of such remote, pencil-shaped 
lesions (whether they are necroses, cavitations, or hydromye- 
lia €x-vacuo) are frequently seen in severe cases and clearly 
explains some of the puzzling clinical aspects of compressive 
cervical myelopathy and the surgical results mentioned in the 
introduction. Certainly a patient with mid-cervical spondylosis 
and secondary necrosis and/or cavitation (syrinx) extending 
up into the upper cervical spinal cord and down into the 
thoracic spinal cord can be expected to show signs of muscle 
atrophy of the hands; electromyographic signs of fascicula- 
tions in the arms and legs [8, 21-23]; and misinterpreted 
signs of motor neuron degeneration, demyelinating disease, 
amyotrophic lateral sclerosis, or primary syringomyelia [2, 5, 
8, 22]. 

Secondary, usually noncommunicating syringomyelia has 
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Fig. 7.—Case 7. A, Initial CT section 
near level of cervical spondylosis imme- 
diately after iopamido!l myelogram. Note 
severe flattening and atrophy of spinal 
cord (L = 65, W = 200). B, Delayed (10 
hr) CT scan in lower thoracic region. lo- 
pamidol concentrated (arrow) within 
spinal cord is noted at narrow window 
settings (L = 150, W = 60). 
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been reported in association with spinal cord neoplasms, 
Pott’s disease (tuberculosis) of the spine, spinal trauma, 
foramen magnum tumors, arachnoiditis (from infection, hem- 
orrhage, trauma, or other inflammatory causes), vascular 
disorders and infarcts, intramedullary hematomas, malforma- 
tions of the central nervous system, extramedullary tumors, 
vertebral body tumors, myelitis, and spondylotic compression 
of the spinal cord [16, 18, 20, 24-33]. Brain and Wilkinson 
[4] in 1958, McRae and Standen [28] in 1966, and Smith [12] 
in 1968 suggested the possible coexistence of syringomyelia 
and cervical spondylosis. As previously noted, Lucci et al. 
[16] in 1981 and Mossman and Jestico [18] in 1983 related 
instances of CSM in which CT had shown signs of intramed- 
ullary cavitation. 

Sotaniemi et al. [34] observed, “When an intramedullary 
cavitation filled with contrast medium is demonstrated, the 
diagnosis of syringomyelia seems clear.” However, at this 
point we cannot confirm whether the abnormal intramedullary 
collections of contrast material demonstrated in our cases of 
CSM represent actual cavities (syringomyelia) or whether they 
are necrotic tissue retaining contrast medium. Stevens et al. 
[32] found that 15% of their operated cases of posttraumatic 
syringes diagnosed by delayed CT examinations after mye- 
lography did not have intramedullary cavities. Instead, ne- 
crotic zones appeared to be present. Certainly, liquifaction 
necrosis often precedes cavitation. 

The use of delayed CT examinations after subarachnoid 
injection of water-soluble contrast material has been in com- 
mon use for demonstrating posttraumatic syringes [31, 34], 
classical syringomyelia or hydromyelia [19, 35-39], syrinx 
secondary to arachnoiditis [27], and an occasional cystic 
spinal cord glioma [20]. Many of the cerebrospinal fluid (CSF)- 
enhanced CT studies nicely showed the syringes after a delay 
of only 4-8 hr. The fact that our lesions were seen best with 
iopamidol at 8-12 hr suggests one or more of the following: 
(1) there may be differences between the transpa- 
renchymal spinal cord diffusion rates of metrizamide (used 
mostly by others) and iopamidol (used in our cases); (2) the 
Cavities in Our Cases are much smaller, requiring a longer 
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diffusion and collection time; and (3) some or all of the lesions 
in our cases represent a form of central cord necrosis (without 
cavitation), which more slowly concentrates the inwardly dif- 
fusing contrast media. 

We expect that in the future MR studies will reveal these 
lesions as spinal MR technology improves. The MR studies 
of cervical spondylosis to date have been somewhat useful 
for evaluating spinal stenosis and spondylosis [40, 41], but 
spinal cord anatomic details have been limited. Such imaging 
has been much more useful for classical syringomyelia [19, 
38, 40-42]. 

Up to now, most CT examinations of cases of CSM have 
been performed either without contrast enhancement or with 
CSF-contrast enhancement studied without delay [16, 43, 
44]. The same is true for cases of ossification of the posterior 
longitudinal ligament [45] and the developmentally narrowed 
cervical canal [46]. Whereas Lucci et al. [16] apparently were 
the first to relate syringomyelia causally to cervical spondylotic 
cord pressure, Mossman and Jestico [18] in 1983 were the 
first to report delayed CT scanning after intrathecal injection 
of contrast medium in one postoperative case of CSM and 
thus demonstrate the presence of a large syrinx. While one 
possibly may assume that these were incidentally coexisting 
lesions in their three cases, our findings confirm a significant 
relationship between the chronic spinal cord pressure and 
intramedullary spinal cord cavitations. 

CSF-enhanced contrast medium may enter a classical (Ar- 
nold-Chiari type) hydromyelic cavity by one of two postulated 
routes: downward reflux via the fourth ventricle or transmye- 
lon migration [37]. In our cases, we believe that the iopamidol 
crossed the pia and passed through the parenchymal, extra- 
cellular spaces of the white matter and then into the lesions. 
This is consistent with the theories and observations of other 
investigators regarding metrizamide: water-soluble contrast 
material in the CSF penetrates the brain and spinal cord 
through extracellular spaces communicating directly with the 
CSF [47-49]. Isherwood et al. [48] noted it took 3-6 hr for 
intrathecally administered metrizamide to achieve an equilib- 
rium between the spinal cord parenchyma and the surround- 
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ing CSF of patients. It is possible that iopamidol has a different 
equilibrium time than does metrizamide, one factor that may 
account for the longer (10-12 hr) delay to reach optimum 
visualization of the lesions in our cases. As a control, we have 
studied eight cases without evidence of spinal cord compres- 
sion. The focal intramedullary contrast collections were not 
seen at 10 or 12 hr. 

We cannot give precise measurements of the lesion dem- 
onstrated on our delayed CT scans. Observed absolute and 
relative sizes of the imaged lesion, spinal cord, and surround- 
ing CSF vary depending on the operator-selected window- 
density settings of the CT console [50]. We can state that: 
(1) the lesions shown are smaller than most previously dem- 
onstrated syringomyelic cavities; (2) no communication with 
the fourth ventricle has been proven; and (3) two separate 
types of lesions have been demonstrated. On the basis of our 
radiologic studies, we cannot confirm the histologic classifi- 
cation of the two types of lesions. We can postulate that the 
focal “snake-eyes’” lesions at the cervical site of compression 
represent zones of repeated traumatic and/or ischemic dam- 
age leading to necrosis with almost certain subsequent deep 
gray-matter cavitation, or local syringomyelia ex-vacuo [11, 
51-54]. The somewhat smaller, pencil-shaped lesions ex- 
tending caudal and/or cranial to the primary compressive site 
may represent similar liquifaction necrosis and cavitation near 
the anterior part of the dorsal columns [3, 11, 14, 51, 55-57] 
or distant syringomyelia ex-vacuo. Alternatively, this may 
represent a dilated central canal, or hydromyelia ex-vacuo, 
secondary to severe atrophy of ascending and descending 
spinal cord pathways. This combination of changes explains 
why, outwardly, the spinal cord exhibits the markedly severe 
focal atrophy at the site of maximal cervical compression 
while the remainder of the cord only shows moderate, diffuse 
shrinkage. At the same time, it may well be the key to 
understanding and interpreting the medical and surgical di- 
lemma of patients manifesting compressive myelopathy. 
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Lymphatic Imaging: Lymphography, Computed Tomography and Scintigraphy, 2nd ed. Edited by Melvin E. 
Clouse and Sidney Wallace. Baltimore: Williams & Wilkins, 526 pp., 1985. $87.50 


This definitive, comprehensive text deals with the anatomy, phys- 
iology, pathology, and imaging of the lymphatic system. It opens with 


a historical review dating back to the Alexandrian School in ancient. 


times and closes with chapters on CT imaging and percutaneous 
biopsy of the lymph nodes. In between are dispersed chapters on all 
of the advances that have occurred in the diagnosis of lymphatic 
system abnormalities. 

Anatomy of the lymph system is described through the use of 
multiple correlative illustrations of line drawing, lymphograms, CT 
scans, and histologic specimens. Many of these are presented in 
“eye strain reduction” full-page figures for easy study of their minute 
detail. This is one of the many features that has made The Golden's 
Diagnostic Radiology Series, of which this volume is part, so popular 
throughout the years. The normal anatomy section completely covers 
the pelvic, abdominal, and thoracic nodal groups. Completing the 
basic science portion of this text is an excellent chapter on lymphatic 
physiology by Adair and Guyton. 

Another feature that grants this text its well-deserved adjective 
“definitive” is its broad scope. Represented are the peripheral lym- 
phatic abnormalities, mesenteric lymphatic malformations, and benign 
lymph-node diseases. Jing and Wallace expound generously upon 
their M. D. Anderson Hospital experience in an excellent chapter on 
lymphatic imaging of solid tumors. They begin by placing in perspec- 


tive the most commonly employed techniques for imaging lymph- 
node involvement by tumors. Included are lymphangiography, CT, 
and sonography. The mechanisms and nodes of metastasis are 
described comprehensively for tumors of the female genital organs, 
the genitourinary tract, the large intestine, the breast, malignant 
tumors of the skin, sarcomas of the soft tissue, and malignant tumors 
of bone. Countless images of nodal abnormalities and tables defining 
the accuracy of the various imaging techniques are given throughout 
this superbly illustrated chapter. There is no doubt that the way to 
learn about disease, staging, and diagnosis of solid tumor metastasis 
is to read this chapter. 

Separate chapters are dedicated to the lymph-node imaging of the 
thorax and cervical region. Again, the text and illustrations in these 
are excellent. 

This book represents a rare collection of masterpieces put together 
by those at the pinnacle of their professions. Who should read it? All 
of us who are faced with the daily dilemma of diagnosing lymph-node 
disease. 


Amil J. Gerlock, Jr. 
Louisiana State University Medical Center 
Shreveport, LA 71130-3932 


Clinical Radiology of the Spine and Spinal Cord. By Mohamed Barna. Rockville, MD: Aspen, 449 pp., 1985. 


$78 


This book was intended to be a comprehensive work covering all 
types of disease affecting the spine. Indeed, practically everything is 
mentioned, but the discussions are uneven and at times the written 
text is awkward. 

The book is beautifully illustrated with superb radiographs and 
many excellent line drawings to enhance interpretation. In many cases 
the routine radiographs are supplemented with CT. The author’s 
choice of emphasis is difficult to understand. Some rare entities are 
discussed in detail while some common and important subjects are 
dismissed with a paragraph. in the references, there are too many 
anecdotal case reports. There is an MRI illustration on the cover of 


the book, but this is misleading. The chapter on MRI is only a 23- 
page afterthought in which a typical discussion of an entire major 
subject consists of two sentences. 

Most sophisticated AJA readers would find this book disappointing, 
but it would be useful and satisfactory as a first text dealing with the 
spine or a supplementary reference. 


Adele K. Friedman 
Hospital of the University of Pennsylvania 
Philadelphia, PA 19104 
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Cognitive and Affective 
Changes After Myelography: 
A Comparison of Metrizamide and 
lohexol 





A battery of brief cognitive tests and a mood scale were administered to 42 patients 
before and after cervical myelography with either metrizamide (20 patients) or iohexol 
(22 patients). The patients receiving metrizamide experienced a deterioration in mood 
after myelography and a relatively greater decline in cognitive test performance than 
did those receiving iohexol. These two side effects tended to occur together in the 
metrizamide group, suggesting a common underlying cause; but there was no correlation 
between changes in mood and cognitive function after myelography with iohexol. These 
results suggest that metrizamide has a greater neurotoxic effect than iohexol. 


It has been known for several years that the use of metrizamide (Amipaque) for 
myelography can be associated with undesirable side éffects, including nausea, 
headache, back and leg pain, and florid neuropsychiatric symptoms [1-6]. However, 
the more recent literature suggests that adverse reactions are not limited to 
spontaneously reported or obviously observable physiological reactions but may 
include subclinical disturbances of mood and cognitive function that can only be 
reliably detected by close questioning of the patient and formal psychometric 
testing [6-10]. Further, there is increasing evidence that the use of other, newer, 
nonionic contrast media may lead to a reduction in the incidence of these compli- 
cations [9-14], and an active search for a less toxic alternative to metrizamide has 
been recommended [15]. 

Accordingly, we report the results of a study in which alterations in affect and 
cognitive test performance from a premyelogram baseline were assessed in pa- 
tients undergoing myelography with either metrizamide or iohexol (Omnipaque), a 
relatively new nonionic contrast medium. 


Subjects and Methods 


Subjects were 42 patients in the Presbyterian University Hospital in Pittsburgh who had 
agreed to participate in another, larger, randomized double-blind trial of the two contrast 
media for cervical myelography, the results of which have been reported elsewhere [16]. 
Twenty patients (12 men and 8 women; mean age 43.6 years) were subsequently found to 
have received metrizamide, and 22 (14 men and 8 women; mean age 49.7 years) to have 
received iohexol. All patients were tested on two occasions—between 14 and 18 hr before 
myelography and between 6 and 10 hr after myelography. 

Myelograms were accomplished via C1-C2 puncture using 300 mg Vm concentration for 
both contrast agents, and all patients were premedicated with 10 mg of Valium. All patients 
were encouraged to drink liberally before myelography and to consume at least 2 liters of 
fluid over 8 hr after myelography. Patients were maintained in a head-up position for at least 
3 min following myelography, and all received post myelographic CT scans. 

Each evaluation took about 1 hr and involved administration of a standard questionnaire 
about the patient's mood followed by a series of brief cognitive tests. The test battery was 
designed to be brief yet reasonably comprehensive in terms of the cognitive functions sampled 
so as to minimize the burden to the patient while maximizing the probability of detecting any 
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deficits that might have occurred. It included measures sensitive to 
verbal and nonverbal memory impairment, disturbances of attention 
and concentration, perceptual and scanning disorders, constructional 
apraxia, difficulty with calculation, and some conventional neuropsy- 
chological measures of cerebral dysfunction. The group of tests 
chosen, which should be regarded as a screening battery rather than 
a full neuropsychological evaluation, yielded a total of 28 scores. The 
individual tests are described briefly below; a fuller discussion of most 
of these measures is provided by Lezak [17]. 

Profile of Mood States (POMS) [18]: A 65-item questionnaire on 
which the subject rates on a 5-point scale (not at all, a little, moder- 
ately, quite a bit, extremely) the extent to which he feels “tense,” 
“miserable,” “angry,” “lively,” “bushed,” “muddled,” and so on. 

Wechsler Memory Scale [17, 19]: A memory scale in standard 
clinical use that includes measures of general information, orientation, 
mental control (e.g., counting backward), memory for prose pas- 
sages, digit span, paired associate word learning, and memory for 
designs. The visual reproduction subtest was not administered in this 
study, and since no subject’s performance on the information or 
orientation subtests deteriorated following myelography, they were 
excluded from the analysis. Different forms were used at the two 
evaluations to reduce the effect of learning, and 11 scores were 
derived reflecting immediate and delayed recall of prose and paired 
associate words, digit span forward and backward, and the three 
items from the mental control subtest. 

Mooney’s Visual Closure Test [20, 21]: A measure of visual per- 
ception involving recognition of camouflaged faces. The score is the 
number of correctly identified faces. Even-numbered items were used 
at the first evaluation and odd-numbered items at the second evalu- 
ation. 

Repetitive Psychometric Measures [22, 23]: These tests are de- 
signed for use in drug studies and involve rapid processing of 
relatively simple information; subtests include perceptual speed, num- 
ber facility, visualization, and speed of closure. Parallel forms were 
used at the two evaluations and, while the subtests used in this study 
variously demand visual scanning, rapid addition, oculomotor control, 
and word recognition, all require good concentration. Five scores 
were derived reflecting the number of items correctly completed 
within the time limit on each subtest plus the number of errors of 
addition on the number-facility subtest. 
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Grooved Peg Board [17]: A manual dexterity test. The two scores 
are the time taken to insert ridged pegs into 25 keyhole-shaped slots 
with either hand. 

Stroop Color/Word Test [17, 24]: The test involves reading color 
names, naming colors, and naming the color of the ink in which 
inappropriately colored color names are printed (e.g., the word “red” 
printed in green). Scores are the time taken to complete each part of 
the test. 

Trail Making Test [17, 25]: A standard neuropsychological test in 
which the subject draws lines to connect numbered circles in the 
appropriate order (part A) or alternates between numerical and alpha- 
betical series (part B). Scores are the time it takes to complete each 
part. 

Rey and Taylor Figures [17]: Parallel forms of a difficult construc- 
tional and nonverbal memory task in which the subject must copy a 
complex geometrical figure and then redraw it from memory after a 
delay. The scores are the number of elements accurately drawn on 
each occasion. 


Results 


Two patients who had been examined prior to myelography 
declined the postmyelogram evaluation. Two additional pa- 
tients elected to discontinue the postmyelogram evaluation at 
an early stage when less than half the tests had been at- 
tempted. All four of these patients were subsequently found 
to have received metrizamide and they were discarded from 
the analysis. The data reported below, therefore, came from 
38 patients, 22 of whom received iohexol and 16 metrizamide. 

Changes in expressed mood following myelography as 
measured by the POMS are shown in Figure 1. Patients 
receiving metrizamide rated themselves as more anxious, 
more depressed, more angry, less vigorous, more fatigued, 
and more confused 6-10 hr after myelography than they had 
before the investigation. Conversely, patients receiving io- 
hexol reported slightly less anxiety and confusion following 
myelography (possibly because of relief from worry about the 
impending investigation) and exhibited virtually no change on 
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Fig. 1.—Changes in mood following 
myelography. Mean change from premye- 
logram baseline on each Profile of Mood 
States scale is shown for both groups. 
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the other scales. An overall mood-change score was calcu- 
lated for each group by subtracting the overall POMS mood- 
disturbance score obtained at the postmyelogram evaluation 
from that recorded before myelography. The difference in 
mood change between the groups was significant at the 0.01 
level (t = 2.99). 

The cognitive test results are not subject to such simple 
analysis because parallel forms were not available for all the 
measures used and because the extent of any practice effects 
attributable to the repetition of the same or similar tests within 
24 hr is not known with certainty. Therefore, a simple com- 
parison of pre- and postmyelogram scores on cognitive tests 
would not necessarily be a valid measure of absolute cognitive 
change—if normal subjects improved on retesting because 
of increased familiarity with the task, no change in perform- 
ance would actually imply a deterioration in level of function- 
ing. However, relative change following myelography (i.e., a 
difference between groups in the amount of improvement or 
decline in test performance from the premyelogram baseline) 
can be calculated and is a valid basis on which to decide 
whether one of the contrast media employed has more effect 
on cognitive function than the other. As it is unlikely that the 
intrathecal injection of either contrast medium would improve 
cognitive function, it can be assumed that the group that 
exhibits the greater deterioration after myelography has been 
more adversely affected by the contrast medium involved. 

Bearing this in mind, the difference between pre- and 
postmyelogram performance was calculated for each subject 
on each test and the raw difference scores transformed into 
z scores (i.e., standard deviation units) to allow comparison 
and summation across tests. An overall cognitive-change 
score was calculated for each subject by computing the mean 
of the transformed difference scores for each test. The change 
scores allow each subject to serve as his or her own control, 
and the distribution of scores for each group is shown in 
Figure 2. A t-test applied to the group mean indicates that 
metrizamide had significantly more adverse effect on cognitive 
test performance than did iohexol (t = 3.09; p < 0.005). 

Considering the tests individually and excluding the two on 
which no subject showed any change, the metrizamide group 
performed less well than the iohexol group on 21 of the 26 
measures, a result that departs from chance at the 0.01 level 
(Fisher exact probability). The between-group difference 
reached conventional levels of significance on five individual 
measures (rapid simple addition, immediate recall of a short 
story, paired associate-word learning, counting by threes and 
fours, and rapid color naming), all of them favoring the iohexol 
group. 

These two sets of changes, decline in cognitive test per- 
formance and deterioration in mood, were correlated in the 
metrizamide group (rho = 0.489; p < 0.01), raising the pos- 
sibility that a third variable (e.g., fatigue, pain, or nausea) 
underlies both phenomena. No such relationship was found 
in the iohexol group (rho = 0.045). Not surprisingly, subjects 
in either group who spontaneously reported adverse reactions 
such as nausea, headache, and back pain (five in the iohexol 
group and 12 in the metrizamide group) tended to experience 
a deterioration in mood. But there was also a suggestion that 
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Fig. 2.—Changes in cognitive test performance following myelography. 
Changes in cognitive test score, averaged across tests and transformed to Z 
scores, are shown for each subject. Negative numbers indicate relatively poorer 
performance after myelography. 


adverse reactions were associated with greater cognitive 
impairment in the metrizamide group whereas the cognitive 
functioning of the few subjects who reported adverse reac- 
tions to iohexol did not differ from that of the remainder of 
the group. Thus, the evidence tends to suggest that such 
adverse reactions are not by themselves sufficient to account 
for poor cognitive test performance. However, because of the 
small numbers and the imbalance in the frequency of adverse 
reactions between the two groups, no attempt was made to 
examine this phenomenon statistically, and the conclusion 
must remain tentative. 

Finally, there was no clear relationship between age and 
either affective or cognitive change following myelography. It 
is in any case unlikely that our results could be explained on 
the basis of greater sensitivity of the elderly to the effects of 
metrizamide [5], as the patients receiving metrizamide in this 
study were, on average, slightly younger than the iohexol 


group. 


Discussion 


Psychometric retesting was performed 6-10 hr after mye- 
lography, because it is well known clinically that symptoms 
are maximal during this period, although they may persist for 
at least 24 hr [8, 10]. Our results indicate that metrizamide 
used as a contrast medium in cervical myelography leads to 
a deterioration in affective state shortly after myelography but 
that iohexol employed in a similar role does not. Metrizamide 
also affects cognitive function more than iohexol, but our data 
do not allow us to conclude with certainty that iohexo! has no 
adverse effects on cognitive test performance. 

Although the cognitive test scores of the great majority of 
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our iohexol subjects remained unchanged or improved after 
myelography, it is possible that this is attributable to a practice 
effect—that is, the possibility that subjects who take similar 
tests twice do better on the second occasion because of their 
increased familiarity with the material. Further, it is conceiv- 
able that unoperated control subjects would have improved 
to an even greater extent. If this were the case, it would imply 
that iohexol or the fact of myelography itself had limited the 
ability of the subjects receiving it to benefit from prior expo- 
sure to the test battery. The only way to determine whether 
the performance of our iohexol subjects was entirely unaf- 
fected by the use of this contrast medium would, therefore, 
be to compare them either with a sham-operated control 
group or with a group receiving a contrast medium that is 
known to have no adverse effect. The former would clearly 
be unethical and the latter is not currently possible. Therefore, 
we conclude only that iohexol has a less adverse effect on 
cognitive function than does metrizamide, and note that 
Cronqvist et al. [8] recently reported subtle psychic changes 
after iohexol myelography though they agree that these are 
less frequent and much less pronounced than those associ- 
ated with metrizamide. 

Our finding that there was a correlation between the sever- 
ity of the cognitive deficits and the extent of the deterioration 
in mood after myelography with metrizamide but not with 
iohexol, together with the suggestion of a stronger associa- 
tion between these changes and other side effects in the 
former group, also strengthens the case for a direct neuro- 


toxic effect of metrizamide. It suggests that all these effects | 


have a common cause or may be manifestations of a single 
underlying disorder, and that the more commonly reported 
side effects of nausea, headache, back and leg pain, and 
overt psychic disturbances are only the more obvious mani- 
festations of a more diffuse toxic abnormality. 

Galle et al. [9] were able to show that the slowing of mental 
function 6 hr after metrizamide myelography was directly 
related to the intracranial concentration of contrast medium 
at that time but that there was no relationship between mental 
function and concentration of contrast medium in the sub- 
arachnoid space after myelography with iopamidol. Both our 
results and their findings would be compatible with a direct 
toxic effect of metrizamide but allow the possibility that some 
of the milder effects seen after myelography with iopamidol 
and iohexol are not directly attributable to the contrast me- 
dium used. Little or no correlation between mood and level of 
cognitive function would be expected in patients in whom 
mood but not cognition had been affected, and postmyeio- 
gram changes in mood need not be directly related to mye- 
lography. One patient in our iohexol group who became quite 
depressed after the myelogram had been told that the results, 
by exclusion, suggested a diagnosis of multiple sclerosis, and 
it is possible that the diagnosis rather than the myelogram 
per se was the cause of his depression. This may be an 
extreme case, but anxiety about diagnosis, lack of sleep prior 
to myelography, and other nonspecific factors can be ex- 
pected to affect patients’ moods. 

While the adverse effects of metrizamide myelography re- 
ported here are comparatively mild, and there is good reason 
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to suppose that they are transient [9], they are nevertheless 
definite. The between-group difference in our study accounted 
for over 20% of the total variance in both cognitive and 
affective change, and it is possible that this is an underesti- 
mate—the four subjects, all from the metrizamide group, who 
declined to complete the postmyelogram evaluation may well 
have been more adversely affected by their experience than 
the remaining subjects; and, had their data been available, 
the between-group differences may have been greater. 

Although the number of subjects included in this study was 
small, the results suggest that in the absence of any indication 
to the contrary, and given that the radiographic quality of the 
two contrast media is equivalent, iohexol may be preferable 
to metrizamide for cervical myelography because its effects 
on mental function, if any, are less severe than those of 
metrizamide. 


REFERENCES 


1. Skalpe IO. Adverse effects of water-soluble contrast media in 
myelography, cisternography and ventriculography. Acta Radiol 
[Suppl] (Stockh) 1977;355:409-416 

2. Sackett JF, Strother CM, Quaglieri CE, Manucher JJ, Levin AB, 
Duff TA. Metrizamide. Analysis of clinical application in 215 
patients. Radiology 1977;123:779-782 

3. Baker RA, Hillman BJ, MacLennan JE, Strand RD, Kaufman SM. 
Sequelae of metrizamide myelography in 200 examinations. AJR 
1978;130:499-502 

4. Gelmers HJ. Adverse side effects of metrizamide myelography. 
Neuroradiology 1979;18:119~-124 

5. Schmidt RC. Mental disorders after myelography with metriza- 
mide and other water-soluble contrast media. Neuroradiology 
1980;19:153-157 

6. Richert S, Sartor K, Holl B. Subclinical organic psychosyndromes 
on intrathecal injection of metrizamide for lumbar myelography. 
Neuroradiology 1979;18:177-184 

7. Hauge O, Falkenberg H. Neuropsychologic reactions and other 
side effects after metrizamide myelography. AJNR 1982;3:229- 
232, AJR 1982;139:357-360 

8. Cronqvist SE, Holtas SL, Laike T, Ozolins A. Psychologic tests 
in the evaluation of psychic changes after myelography with 
metrizamide. Acta Radiol [Diagn] (Stockh) 1984;25:257-260 

9. Galle G, Huk W, Arnold K. Psychopathometric demonstration 
and quantification of mental disturbances following myelography 
with metrizamide and iopamidol. Neuroradiology 1984;26:229- 
233 

10. Hammeke TA, Grogan JP, Haughton VM, Pfeiffer MM, Harrington 
GJ, Sudilovsky A. Evaluation of myelographic contrast-medium 
tolerance with psychometric testing. AJNR 1985;6:343-348 

11. Trevisan C, Malaguti C, Manfredini M, Tampieri D. lopamidol vs. 
metrizamide myelography: clinicul comparison of side effects. 
AJNR 1983;4:306-308 

12. Turski PA, Sackett JF, Gentry LR, Strother CM, Matozzi F. 
Clinical comparison of metrizamide and iopamidol for myelogra- 
phy. AJNR 1983;4:309-311 

13. Bannon KR, Braun IF, Pinto RS, Manuell M, Sudilovsky A, 
Kricheff li. Comparison of radiographic quality and adverse re- 
actions in myelography with iopamidol and metrizamide. AJNR 
1983;4:312-313 

14. Witwer G, Cacayorin ED, Bernstein AD, Hubalilah MY, Yuan HA, 
Keiffer SA. lopamidol and metrizamide for myelography: pro- 


AJR: 147, October 1986 


15. 


16. 


17. 


18. 


19, 


20. 


spective double-blind clinical trial. AJNR 1984;5:403-407 
Bockenheimer SAM, Hillesheimer W. Clinical experience with 
iopamidol for myelography. AJNR 1983;4:314-316 

Latchaw RE, Hirsch WL, Horton JA, Bissonette D, Shaw WW. 
lohexol vs. metrizamide: a study of efficacy and morbidity in 
cervical myelography. AJNR 1985;6:931-933 

Lezak M. Neuropsychological assessment. New York: Oxford 
University Press, 1983 

McNair DM, Lorr M, Droppleman LF. Profile of mood states. San 
Diego: Educational and Industrial Testing Service, 1971 
Wechsler D, A standardized memory scale for clinical use. J 
Psychol 1945;19:87-95 

Mooney CM. Recognition of ambiguous and unambiguous visual 


a Lal el ts toe tagy tr 


A COMPARISON OF METRIZAMIDE AND IOHEXOL 


21. 


22. 


23. 


24. 
25. 


781 


configurations with short and long exposures. Br J Psychol 
1960;51:119-125 

Newcombe F, Russell WR. Dissociated visual perceptual and 
spatial deficits in focal lesions of the right hemisphere. J Neurol 
Neurosurg Psychiatry 1969;32:73-81 

Moran LJ, Mefford RB. Repetitive psychometric measures. Psy- 
chol Rep 1959;5:269-275 

Moran LJ, Kimble JP, Mefford RB. Repetitive psychometric 
measures; equating alternate forms. Psychol Rep 1964;14:335- 
338 

Golden C. The Stroop colorj/word test. Chicago: Stoelting, 1978 
Reitan RM. Validity of the Trail Making Test. as an indicator of 
organic brain damage. Percept Mot Skills 1958;8:271~-276 


782 


Technical Note 





The Anatomic Basis of the Pseudotumor of the Nasal 


Cavity 


Christopher L. Sistrom,' Theodore E. Keats,’ and Charles M. Johnson III? 


On lateral radiographs of the skull or sinuses, an ovoid 
density is sometimes seen overlying the posterior and inferior 
nasal cavity. This finding does not signify disease and, indeed, 
is considered to be a normal variant, often termed the “pseu- 
dotumor of the nasal cavity” [1]. It has been suggested that 
in patients with prominent inferior turbinates, the posterior 
aspect of the turbinates and the coronoid process of the 
mandible are superimposed creating a discrete ovoid density. 
An alternative explanation is that the torus tubarius is respon- 


3 


2 








sible for the density in question. We endeavored to determine 
what anatomic structures are responsible for the pseudotu- 
mor. 

A plain lateral radiograph of the skull of a normal volunteer, 
made with the mouth closed, shows the rounded density in 
the nasal cavity (Fig. 1). A second radiograph was obtained 
with the subject’s mouth open as wide as possible, an action 
that results in downward displacement of the coronoid proc- 
ess. Figure 2 shows the subsequent change in contour of the 


Fig. 1.—Lateral radiograph of a normal 
volunteer. Inferior turbinates (black ar- 
rows), anterior margin of pseudotumor 
(white arrow), mandibular coronoid proc- 
esses (open arrow). 


Fig. 2.—Same subject as in Fig. 1 with 
mouth wide open. Inferior turbinates 
(black arrows). Coronoid processes are 
displaced inferiorly and density and extent 
of pseudotumor are decreased. 





Received March 17, 1986; accepted after revision May 29, 1986. 


' Department of Radiology, University of Virginia Medical Center, Charlottesville, VA 22908. Address reprint requests to C. L. Sistrom, Box 170. 
? Department of Otolaryngology—Head and Neck Surgery, University of Virginia Medical Center, Charlottesville, VA 22908. 


AJR 147:782-783, October 1986 0361-803X/86/1474-0782 © American Roentgen Ray Society 


AJR:147, October 1986 


Fig. 3.—Lateral radiograph of same 
volunteer with mouth closed after ephed- 
rine shrinkage of turbinates. Inferior tur- 
binates (black arrows), anterior extent of 
the pseudotumor (open white arrow), 
mandibular coronoid processes (white ar- 
row). Note shrinkage of turbinates and 
concomitant change in contour of pseu- 
dotumor. 


Fig. 4.—Lateral radiograph of same 
volunteer with mouth open after shrink- 
age of turbinates. Inferior turbinates 
(black arrows). Pseudotumor is no longer 
evident. 


anterior aspect of the density. To determine the role of the 
turbinates in the pseudotumor, we repeated the radiographs 
in the volunteer after shrinking the turbinates. This was 
achieved by first spraying the nasal cavity with nebulized 3% 
ephedrine solution bilaterally and then applying cotton pledg- 
ets soaked with 3% ephedrine solution directly to the turbi- 
nates for 5 min. Upon removal of the pledgets, about 50% 
reduction in size of the turbinates was noted by direct visual- 
ization. Repeat radiographs were immediately obtained with 
the mouth closed and fully opened (Figs. 3 and 4). These 
films clearly show that the turbinates as well as the pseudo- 
tumor are smaller. With shrunken turbinates and an open jaw 
the pseudotumor is virtually invisible (Fig. 4). 
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binates and an open jaw the pseudotumor is virtually invisible 
(Fig. 4). 

We conclude that the anatomic basis for the nasal cavity 
pseudotumor seen on lateral radiographs of the skull is a 
combination of the posterior aspect of the inferior turbinates 
and the mandibular coronoid processes. 
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Memorial 





Daniel R. Biello, 1947-1986 





Dr. Daniel R. Biello died June 4, 1986, 
after a 12-year struggle with Hodgkin's dis- 
ease. Dr. Biello was born February 26, 1947, 
in Cleveland, OH. After graduating from Ohio 


Wesleyan University cum laude in 1969 and 
from Case-Western Reserve School of Med- 
icine with honors in 1973, he came to the 
Mallinckrodt Institute of Radiology at Wash- 
ington University School of Medicine where 
he completed his internship and residency 
training in diagnostic radiology and a fellow- 
ship in nuclear medicine. During his fourth 
year of training, he served as the Chief Res- 
ident in diagnostic radiology at the Institute. 
In 1978, he joined the faculty of the Institute’s 
Division of Nuclear Medicine as Assistant 
Professor of Radiology, and the medical 
staffs of Barnes Hospital and St. Louis Chil- 
dren's Hospital. At the time of his death, Dr. 
Biello was Professor of Radiology and As- 
sociate Director of the Division of Nuclear 
Medicine. 

During his all too brief academic career, 
Dr. Biello was highly productive as a scientist, 
having over 50 journal articles and chapters 
to his credit. He delighted in the search for 
new knowledge and new approaches to com- 
mon clinical problems, and was particularly 
interested in cardiovascular nuclear medicine 
and in pulmonary embolism. Through a series 
of studies, performed in collaboration with 
investigators at several different institutions, 
he developed new criteria for the interpreta- 
tion of ventilation-perfusion scintigrams (the 
“Biello criteria,” as they are now usually la- 
beled in the literature). His approach has 
been adopted into general use by the nuclear 
medicine community. 


Dr. Biello was a master diagnostic radiol- 
ogist and nuclear physician, who found great 
satisfaction in solving complex clinical prob- 
lems. He was never Satisfied with doing an 
adequate job, but always sought to do the 
best he could for every patient. His empathy 
and compassion for patients were unparal- 
leled. He loved teaching, and scores of resi- 
dents benefited from his wisdom and learned 
the art of nuclear medicine from his example. 

Dan was a gentle, unpretentious human 
being. Virtually everyone who knew him con- 
sidered him a friend. No matter how busy or 
preoccupied with his own problems, he al- 
ways found time to help others deal with their 
problems. His sound advice and calming in- 
fluence will be particularly missed. The opti- 
mism and courage with which he faced his 
long iliness inspired his friends and cowork- 
ers, and the physicians who cared for him. in 
his honor, the Mallinckrodt institute of Ra- 
diology has established the Daniel R. Biello 
Memorial Lectureship to serve as a lasting 
testimonial of our love and respect for this 
unique man. 

He is survived by his wife, Elizabeth, his 
sons, David and Timothy, his parents, Dante 
and Jeane Biello, and his sister, Nancy Biello. 


Barry A. Siegel 
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Imaging the Pediatric Liver: 
MRI and CT 





The livers of 27 children, 2 weeks to 16 years old, were examined with MRI and CT. 
Fourteen children had normal livers, 9 had focal liver disease, and 4 had diffuse liver 
disease. Normal intrahepatic venous anatomy was visualized more frequently with MRi 
than with CT, regardless of presence of disease, type of disease, or age. Focal hepatic 
lesions were either iso- or hypointense on relatively T1-weighted images and were 
hyperintense on T2-weighted images regardiessof the pathology. In three cases, lesions 
seen with MRI were not detected with CT. In two other cases, CT was interpreted as 
equivocal or abnormal, but the liver was normal on MRI. MRI was superior to CT for 
evaluation of patency of the intrahepatic portion of the inferior vena cava. Other than in 
cases of fatty infiltration, CT provided no information additional to MRI. MRI has the 
potential to replace CT as a technique for imaging the pediatric liver in many cases, 


especially for infants and young children. 


Several reports have described early experience with MRI of the liver, and some 
investigators have shown that it offers advantages compared to CT for detection 
and assessment of hepatic disease [1-9]. At the same time, many investigators 
acknowledge that image degradation from respiration and other sources of motion 
often results in poor image quality [5, 7, 10]. In this study, we reviewed MR and 
CT studies in 27 patients to compare the merits of the two procedures in evaluating 
the liver of infants and children. 


Materials and Methods 


` We examined MRI and CT studies of the livers of 27 children, 2 weeks to 16 years old 
(mean 6 years, median 4 years). In 24 of the children, liver disease was suspected. Three 
children with no evidence of hepatic disease had abdominal CT and MRI for other reasons. 
The absence or presence of liver disease had been documented by surgicai exploration in 19 
and by tissue biopsy in six. The other two children proved to have normal livers by clinical, 
laboratory, and radiologic follow-up. 

The MR imager used was a Diasonics 0.35-T cryogenic system. The minimum study 
consisted of multislice transaxial spin-echo images through the entire liver with relatively T1- 
weighted (TR = 500 or 1000) and T2-weighted (TR = 1500 or 2000) pulse sequences. Echo 
delay times (TE) were 28 (or 30) and 56 (or 60} msec for each section, except in some cases 
where only the first echo (TE = 30 msec) was used with TR = 500 msec. These images 
were sometimes supplemented with coronal and sagittal scans, especially if we were uncertain 
about the hepatic origin or extension of a mass on transaxial images alone. in-plane spatial 
resolution was 1.7 mm. For 20 studies, section thickness was 7 mm with an intervening 3- 
mm gap. In the seven most recent cases, sections were 10 mm thick with 1-mm gaps or 
continuous 5-mm slices. Neither respiratory nor ECG gating was employed. Two or four 
excitations were used for data acquisition. 

Small children (14 patients) were studied in a head coil with a useful aperture of 30 cm, 
while larger children (13 patients) were studied in an elliptical neck coil (30 x 50 cm). In 
general, oral sedation consisting of 40-70 mg/kg chloral hydrate was administered to children 
under 6 years old. An accompanying adult visually monitored each child's respiration [11]. 
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Children over 6 were usually able to cooperate for the 30-90 min 
required for the exam. 

CT scans were obtained in 25 children within 2 weeks (mean 3 
days) of the MR study. In one patient, the CT was obtained 5 months 
before MRI, and in another case, 3 months before MRI. The studies 
were performed with a variety of CT scanners (GE 8800, GE 9800, 
or Picker 1200); the technique varied. Scans were obtained at 1-cm 
intervals using 1-cm collimation (20 patients), or at 5-mm intervals 
with 5-mm collimation (7 patients). In three subjects, CT scans were 
performed without IV contrast because of poor renal function (1 
patient) or difficulty finding a suitable vein (1 patient), or because the 
study was a follow-up (1 patient) in which the findings were visible 
on a previous noncontrast CT. Fifteen scans were obtained after a 
bolus injection, seven had a bolus followed by a rapid infusion of 
contrast material, and two had a rapid infusion only. Oral contrast 
agents were used for all CT studies. 

MRI and CT scans were retrospectively and independently evalu- 
ated by two radiologists. When there was disagreement in interpre- 
tation, a consensus was always reached. The quality of the transaxial 
MR scans was subjectively rated as excellent, adequate, or poor, 
depending on whether the margins of the abdominal organs and 
vascular structures were sharp, slightly blurred, or grossly distorted. 
An effort was made to identify specific normal anatomic structures 
on the MRI and CT scans: the inferior vena cava; the main, right, and 
left portal veins and their segmental branches; the hepatic veins; the 
common hepatic artery and its branches; the intersegmental fissure/ 
falciform ligament; and the bile ducts. In the nine cases with focal 
liver disease, the scans were scrutinized for (1) number of lesions, 
(2) appearance in relation to surrounding liver, (3) homogeneity of 
lesions, (4) presence of calcifications, and (5) lesion margins (clear or 
poorly defined). In the four cases with diffuse hepatic disease, the 
homogeneity of the liver was evaluated, and the size of the liver was 
subjectively rated as large, normal, or small. 


Results 
Quality of MR Scans 


Twenty-two of 27 (81%) transaxial MR scans of the liver 
were rated as excellent, five (19%) as adequate, and none as 
poor. Four of the “adequate” scans were in children who were 
studied in the larger neck coil without sedation. Only one of 
these children was less than 8 years old. Thirteen of 14 (93%) 
studies performed in the head coil, whether with or without 
sedation, were rated as excellent. 
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Fig. 1.—15-year-old boy who under- 
went leg amputation for osteogenic sar- 
coma presented 1 year later with chest 
mass. Tc" sulfur-colloid liver scintigram 
showed probable mass in right hepatic 
lobe. A, Contrast-enhanced CT. Low-at- 
tenuation region in periphery of right lobe 
(arrows) corresponded to abnormality on 
scintigram and was thought to confirm 
liver metastases. Note that hepatic vas- 
culature is not visualized in right lobe. B, 
Transaxial MRI, SE 2000/28. No masses; 
normal hepatic vasculature. Absence of 
liver disease was confirmed with sonog- 
raphy and clinical and MRI follow-up at 1 
year. 


Normal Anatomy 


Normal extrahepatic vascular anatomy was visualized more 
frequently with MRI than with CT in both normal and diseased 
livers and regardless of age. This difference was most pro- 
nounced in the 0- to 5-year age group. The common hepatic 
artery was seen at the origin from the celiac axis in 74% of 
the cases with MRI and in only 15% with CT. Except in one 
case where the right hepatic artery was visible with MRI, 
branches of the common hepatic artery were not detected 
with either MRI or CT. 

The left intersegmental fissure/falciform ligament was usu- 
ally not visible with either MRI or CT in the patients younger 
than 10 years but was visible with CT more frequently in the 
older children. Normal intrahepatic bile ducts were not identi- 
fied with either MRI or CT. 

MRI consistently demonstrated intrahepatic venous struc- 
tures better than CT in the 14 normal livers. Four of these 
children were studied for hepatic disease suspected on the 
basis of earlier imaging studies or biochemical data and were 
later proved to have disease-free livers. In two of these cases, 
a hepatic abnormality was suggested by the CT study, but 
MR images were unremarkable (Fig. 1). In the other two, the 
livers were depicted as normal by both MRI and CT. 


Extrahepatic Masses 


Seven children had extrahepatic masses that appeared on 
CT to originate in or invade the liver (5 with right Wilms’ 
tumors, 1 right adrenal neuroblastoma, 1 yolk sac tumor) 
because either their epicenters appeared to be within the 
liver, the liver/lesion interface was poorly defined, or normal 
hepatic vessels in the region of the mass were not visualized. 
In one case, transaxial MRI indicated no liver invasion because 
of a sharp liver/lesion interface and the presence of normal 
(displaced but not amputated) hepatic vessels in the region 
of the mass. In six cases, hepatic origin or invasion by the 
mass could not be determined on transaxial MR images. In 
two of these cases, coronal and sagittal images correctly 
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Fig. 2.—2-year-old girl with right upper quadrant mass. Surgery demon- 
strated yolk sac tumor that invaded anterior abdominal wall but not liver. A, 
Contrast-enhanced CT. Mass (M) appears to originate in or invade left lobe of 
liver. B, Transaxial MRI, SE 500/28. As with CT, mass (M) appears to be within 


A 


Fig. 3.— 14-year-old girl with Wilms’ tumor. Patent inferior vena cava was 
not seen with sonography. A, Contrast-enhanced CT. Renal mass/liver interface 
unclear and hepatic involvement cannot be excluded. Patent inferior vena cava 
not depicted. Non-contrast-enhanced CT and different window settings were 
not helpful. Note retrocrural adenopathy. T = tumor. B, Transaxial MRI, SE 


depicted extrahepatic epicenters and liver indentation without 
invasion (Figs. 2 and 3). In the other four, clear margins 
between mass and liver could not be defined in any imaged 
plane, and thus liver invasion could not be excluded on the 
basis of either MR or CT. All of the masses were hyperintense 
compared with liver parenchyma on relatively T2-weighted 
images, and iso- or hypointense with T1 weighting. In each 
instance, the liver was ultimately proved free of disease. 


Focal Disease 


Nine patients had lesions that originated in the liver. Of 
these patients, three had solitary masses (2 hepatoblastomas 
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liver. C, Coronal MRI, 1500/56. Epicenter of mass (M) is outside liver, sug- 
gesting its extrahepatic origin. Clear, sharp interface between mass and liver 
indicates probable absence of hepatic extension. 





500/30. Mass/liver interface not clear. Anteriorly displaced but patent inferior 
vena Cava (arrow) was confirmed with sagittal MRI (not shown). Retrocrural 
adenopathy is present. T = tumor. C, Sagittal MRI, SE 1000/60. Tumor (T) 
indents liver (L) but clear plane between mass and liver indicates no invasion. 
Confirmed at surgery. 


and 1 hemangioendothelioma), and six had multiple masses 
(metastatic neuroblastoma, metastatic islet cell tumor, nodu- 
lar Hodgkin's lymphoma, caseating granulomas, hemangioen- 
dotheliomatosis, and cystic hamartomas). All were hyperin- 
tense on relatively T2-weighted images and hypo- or isoin- 
tense on relatively T1-weighted images, compared with 
surrounding liver parenchyma. Lesions were always more 
conspicuous on the T2-weighted images. 

MRI and CT always agreed about the homogeneity of these 
lesions, but the lesion margins were clearer and better defined 
with MR in three cases. No calcifications were seen with 
either MRI or CT. 

Of the children with solitary hepatic masses, segmental or 
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lobar localization of masses was equally accomplished with 
MRI and CT in two. However, in one patient, the mass was 
more accurately localized with MRI (Fig. 4). 

In a case of metastatic neuroblastoma, several 3- to 10- 
mm lesions seen with MRI were not detected on contrast- 
enhanced CT, sonography, or Tc**™ sulfur-colloid liver spleen 
scan. In a child with caseating granulomas, MRI unequivocally 
demonstrated more hepatic masses than CT. One child had 
nodular lymphomatous infiltrates of the liver that were clearly 
depicted on MRI but that were not visible or that mimicked 
beam-hardening artifacts on CT (Fig. 5). 


Diffuse Disease 


Four patients had diffuse liver disease (fatty metamorphosis 
and fibrosis of unknown cause, schistosomiasis with peripor- 
tal fibrosis, liver transplant rejection, and cystic fibrosis with 
cirrhosis). Liver size was subjectively equivalent with both CT 
and MRI. In the patient with fatty metamorphosis, fatty infil- 
tration of the liver was apparent on CT but was not detected 
on MRI. The parenchyma of all other diffusely diseased livers 
appeared normal on MRI and CT. 


Other Observations 


With MRI, the intrahepatic inferior vena cava was visibly 
patent in every instance. With CT, it was identifiable in only 
60% of children, and in less than half of those below the age 
of 6. Furthermore, even when it was visible on CT, its patency 
was occasionally equivocal. In two cases the inferior vena 
cava appeared occluded on contrast-enhanced CT but was 
later proved patent (Fig. 6). 


Discussion 


CT of the pediatric liver has not achieved complete accept- 
ance because of shortcomings such as radiation exposure, 
cost, motion, and the necessity for sedation [12]. Enhance- 
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Fig. 4.—14-day-old boy presented 
with a right upper quadrant mass. At sur- 
gery, hemangioendothelioma was con- 
fined to lateral segment of left lobe about 
1 cm from falciform ligament. Curative left 
lateral segmentectomy was performed. 
A, Contrast-enhanced CT. Lesion mar- 
gins are poorly defined and hepatic ves- 
sels cannot be distinguished in region of 
mass. On the basis of this appearance, 
mass was thought to involve both seg- 
ments of left lobe. B, Transaxial MRI, SE 
1500/56. Lesion/liver interface sharp and 
left hepatic vein (arrow) laterally displaced 
but patent. This appearance indicated 
that mass was confined to lateral seg- 
ment of left lobe. 


ment with IV contrast media is important, but it may be difficult 
both to establish a suitable route of injection in small children 
and to inject and scan in the appropriate time interval. Even 
with optimal CT technique, the absence of well-visualized fat 
planes and the presence of technical artifacts, such as streak- 
ing from air/contrast interfaces and beam hardening from 
adjacent ribs, may render examinations difficult to interpret. 
Furthermore, because CT is limited to the transverse plane, 
it may be impossible to differentiate between invasion and 
simple indentation of the liver by an extrahepatic mass or to 
differentiate between an extrahepatic and intrahepatic tumor. 
Finally, the diagnostic specificity of hepatic CT is limited [13]. 

Many investigators [2-9, 14, 15] have reported their early 
experience with MRI of the liver and have generally concluded 
that MRI has the ability to depict hepatic disease with an 
accuracy approaching or surpassing CT. The most obvious 
advantages of MRI are the superior contrast sensitivity and 
the depiction of major blood vessels without IV contrast 
medium. At the same time, many of these authors have 
indicated that the utility of MRI in the liver is often limited by 
image degradation that results from breathing and technical 
artifacts [5, 7, 10]. In one study with 54 MRI hepatic exami- 
nations [5], 19 (35%) were rated as poor or fair, and only 35 
(65%) were rated as good. Some authors [10] have sug- 
gested that respiratory gating may be required to improve 
image quality. Others have advocated the use of respiratory- 
ordered phase-encoding techniques [16]; short TR, short TE 
spin-echo pulse sequences [17]; and short TI inversion recov- 
ery sequences [18] to diminish respiratory artifacts. However, 
we have been continually impressed by the quality of the 
upper-abdomen MR images in children obtained with stan- 
dard, widely available MR pulse sequences without respira- 
tory gating. 

All but one of the children that could be imaged in the 30- 
cm head coil had studies rated excellent, probably because 
of: (1) the small size of the RF coil resulting in a better filling 
factor, higher signal-to-noise ratios, and less RF inhomoge- 
neity; (2) more frequent sedation with younger patients; (3) 
smaller and more frequent respiratory excursions in smaller 
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Fig. 5.—5-year-old boy with nodular 
sclerosing Hodgkin's disease. A, Con- 
trast-enhanced CT. No masses detected 
prospectively. Low-density areas in pe- 
riphery (arrowheads) were interpreted as 
“beam hardening” artifacts from ribs. 
(Compare to Fig. 1A). B, Transaxial MRI, 
SE 2000/50. Three hepatic masses (ar- 
rowheads), two of which correspond to 
supposed artifacts on CT. Masses later 
confirmed with sonography; one proven 
by laparoscopic biopsy to represent lym- 
phomatous infiltrate. C, Contrast-en- 
hanced CT. There appears to be a filling 
defect in inferior vena cava. D, Transaxial 
MRI, SE 2000/28. Inferior vena cava is 
patent. Note multiple masses (arrow- 
heads) not visible on corresponding CT. 


children; and (4) less body fat, resulting in less conspicuous 
respiratory “ghosts.” These results suggest that respiratory 
gating should not be necessary for most pediatric liver ex- 
aminations with MRI, and that appropriate body coils should 
be developed for children of different sizes [19]. 

Previous reports [20] have demonstrated the ability of MRI 
to depict the hepatic vasculature and surgical anatomy in 
adults. This capability is particularly important in children 
because limited, potentially curative, surgical resection of 
hepatic masses is guided by preoperative knowledge of their 
precise segmental distribution, hepatic arterial supply, and 
evidence of vascular invasion [21]. The results of this study 
suggest that MRI can depict venous anatomy in the pediatric 
liver better than CT, regardless of presence of disease, type 
of disease, or age. Even when the vascular anatomy was 
visible with CT, it was almost always depicted more clearly 
with transaxial MRI, and vessel patency could be assessed 
with a much higher degree of confidence. 

With MRI, the common hepatic artery was visible in 74% 
of cases at its origin from the celiac axis. Replaced hepatic 
arteries and intrahepatic arteries were not detected. Unques- 
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tionably, the 3-mm gap between contiguous sections in many 
of our studies contributed to this result, but even with thinner 
contiguous sections this limitation may still be significant for 
MRI (as well as CT); preoperative angiography may be re- 
quired to define hepatic arterial anatomy. 

The normal biliary system was never apparent. The ability 
to visualize normal and mildly or moderately dilated biliary 
ducts has not yet been convincingly demonstrated with MRI 
and may represent another potential limitation. The left inter- 
segmental fissure/falciform ligament was not usually visible in 
young children with either MRI or CT. A previous report [21] 
stated that the intersegmental fissure was visible in 13 of 15 
consecutive unselected patients with CT (ages not stated). 
This apparent discrepancy with our results may arise from 
the different age distribution and, possibly, the relative paucity 
of perivisceral fat in sick children. Because the fissure may 
not be visible in children, identification of the left hepatic vein 
for locating the boundary between the medial and lateral 
segments of the left hepatic lobe is critical. 

In general, we found hepatic masses most conspicuous on 
relatively T2-weighted spin-echo images, in agreement with 
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previous reports [2, 5, 8, 9]. However, others have suggested 
the inversion recovery [18], chemical shift [6], or short TR/ 
TE spin-echo pulse sequences [17] are the most sensitive for 
liver lesion detection. Although we are unable to draw any 
definite conclusions about the sensitivity of MRI compared to 
CT for detection of hepatic masses, three cases had lesions 
seen with MRI and not on CT. In three cases, the borders of 
liver masses were more sharply defined with MRI than with 
CT, an important finding for localization and surgical resection. 

Two pitfalls in interpreting MR images of liver lesions are 
well-established [5]. Dilated bile ducts may simulate focal 
masses, and calcifications may make it difficult to detect 
masses on T2-weighted images. None of our patients had 
dilated bile ducts, nor did we enounter any calcified lesions, 
and we suspect that this pitfall may be less critical in the 
pediatric patient. 

The inability to detect fatty infiltration of the liver with MRI 
using spin-echo technique is a shortcoming of the procedure 
that may be avoided with the chemical-shift technique [4]. 

Our results indicate that detection and localization of he- 
patic lesions and the definition of hepatic vascular anatomy in 
children may be successfully accomplished with MRI more 
frequently than with CT. However, a prospective, double-blind 
study with a larger number of patients and state-of-the-art 
CT and MRI is required before the relative roles of each 
technique can be firmly established. Nevertheless, MRI has 
the potential to replace CT as an imaging technique in the 
pediatric liver in many cases, especially for infants and young 
children. 
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Interventional Genitourinary 
Radiology in Children: A 


Review of 61 Procedures 





Forty-nine children underwent 61 interventional uroradiologic procedures. These 
included percutaneous nephrostomy, internal ureteral stenting, ureteral stricture dilata- 
tion, perirenal abscess drainage, and percutaneous removal of renal calculi. Of the 61 
procedures, 60 (98%) were technically successful. Of the 60 successful procedures, 24 
(40%) were considered “definitive,” 33 (55%) favorably “altered the course,” and 3 
(5%) “failed” to have any beneficial effect. Technical success at minimal risk can be 
achieved in even the smallest patients by modifying equipment and by attending to the 
special needs of the pediatric patient. 


The applications, efficacy, and technical modifications of interventional proce- 
dures of the genitourinary tract in adults have been well described [1-6]. Despite 
recent publications on the use of similar procedures in children [7-12], these 
techniques have not been used as widely in children. Radiologists may not be 
aware of how they can safely and effectively intervene in the management of 
disease processes that affect the genitourinary system in children. An additional 
problem is the vast array of equipment designed for adults that is cumbersome, 
occasionally damaging, and, at times, ineffective in the younger and smaller patient. 
This paper describes the necessary indications and technical modifications that 
permit successful and safe performance of interventional genitourinary radiology in 
children. 


Materials and Methods 


From January 1980 until February 1985, 49 patients underwent 61 interventional proce- 
dures of the genitourinary tract either at Children’s Hospital Medical Center at tne University 
of Cincinnati College of Medicine or at the University of New Mexico Medicai Center. included 
in this group were 34 percutaneous nephrostomies in 28 patients, placement of seven internal 
ureteral stents in five patients, dilatation of eight ureteral strictures in six patients, six perirenal 
drainages in five patients, four percutaneous removals of renal stones in three patients, and 
placement of two circle tubes in two patients. Ages of the patients ranged from 1 day to 22 
years, with a mean age of 10 years (Table 1). All procedures were performed in fluoroscopic/ 
radiographic rooms; a 1000-mA generator was used to allow for fast exposure times. The 
focal spot ranged from 0.3 to 1.0 for greater resolution. Radiant warmers or increased room 
temperatures were used to prevent heat loss in newborns. Informed consent was obtained 
from the parents before each procedure. A registered pediatric nurse familiar with pediatric 
drug dosages was present to monitor each patient. In most cases, the procedures were 
performed after consultation with the pediatric surgical service. 

The results of the procedures were divided into three groups: {i) definitive, {i} altered the 
course of therapy, or (lil) failed to modify therapy. A procedure was considered definitive if, 
as a result of the procedure, the patient's problem was resolved and no further intervention 
or surgery was required. A procedure altered the course of therapy if the patient benefited 
from it but required further intervention or surgery and failed if there was no measurable 
benefit to the patient. Complications were considered major if there was loss of a kidney, 
significant morbidity requiring additional hospitalization, or mortality from the procedure. 
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Local anesthesia consisted of infiltration with 1% mepivacaine 
hydrochloride (Carbocaine). Chloral hydrate at a dose of 50-75 mg/ 
kg was used to orally sedate children less than 1 year old. Sodium 
pentobarbital (Nembutal) at 2-6 mg/kg and fentanyl at 1-4 „g/kg 
were used separately or in combination for IV sedation in children 
more than 1 year old. Temperature, heart rate, and respiration were 
monitored for all patients. 

To assure technical success, modifications were required for initial 
percutaneous access, catheter selection, dilatation of the tract, and 
securing of the catheter. 


Access for Percutaneous Nephrostomy 


Percutaneous nephrostomy has been greatly facilitated by the use 
of introducer sets (Cook Co., Bloomington, IN) that require only a 
single puncture [3]. These sets consist of a thin walled 22-gauge 
needle that is used to gain access to the kidney and through which 
a 0.018-in. (0.046-cm) stainless steel guidewire is passed into the 
pelvis. Over the stainless steel wire, a tapered dilator with a proximal 
side hole is placed into the renal pelvis. A 0.038-in. (0.097-cm) 
guidewire is then passed through the dilator, out the side hole, and 
into the pelvis. A nephrostomy catheter or progressive dilator or both 
can then be passed over the guidewire. 

This system can be used in older children with minimal problems 
[13, 14], but it has additional shortcomings in the younger child or 
infant. The side-hole dilator frequently will not enter far enough into 
a small renal pelvis so that the proximal side hole still lies within the 
pelvis. If the side-hold dilator is coiled in a small renal pelvis, the angle 
created at the side hole will not allow passage of the larger guidewire. 
The larger guidewire may injure the parenchyma or perforate the 
infant pelvis and will not accommodate the smaller drainage catheter. 
We have found that a smaller drainage catheter such as a 5-French 
pigtail catheter can be advanced into the renal pelvis directly over the 
Stainless steel guidewire. This may be facilitated by strengthening 
the catheter with the metal obturator provided with the introducer 
set, as long as the obturator is advanced under fluoroscopic control 
through the renal parenchyma only to just inside the collecting sys- 
tem. By using the metal obturator, we avoided both kinking of the 
catheter in the subcutaneous tissues and the necessity of using a 
larger 0.038-in. guidewire for delivery of the catheter. A 7.5-cm, 22- 
gauge Chiba needle (Cook) may replace the longer, thin-walled needle 
in the introducer set for better control. If a larger guide is necessary, 
in place of the side-hole dilator we use a standard 5-French fascial 
dilator (Cook) mounted on the metal obturator to enter the collecting 
system. Once the end hole is within the collecting system, a standard 
0.035-in. (0.089-cm) guidewire may be passed through the straight 
dilator into the pelvis. 


Catheter Selection 


Proper catheter selection is crucial for successful percutaneous 
drainage, especially in the young infant. Newer flexible drainage 
catheters from 6.0- to 10.0-French (Medi-tech, Watertown, MA), 
which offer both patient mobility and comfort, are too large for the 
neonate or small infant but do work well in the older infant or child 
who weighs more than 10 kg. For the smaller neonate and infant, we 
have successfully used a modified 5-French polyethylene catheter 
mounted on a 15-cm metal obturator (Towbin Cath, Cook) (Figs. 1A 
and 1B). The catheter and obturator can be passed over either the 
stainless steel wire or a standard 0.018-in. guidewire. 


Nephrostomy Tract Dilatation 


Percutaneous nephrolithotomy, placement of internal stents, and 
ureteral stricture dilatation all require establishing wide tracts, even 
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Fig. 1.—A, Modified 5-French polyethylene nephrostomy tube compared to 
standard 8-French nephrostomy drain. B, The 5-French nephrostomy catheter 
is strengthened by a thin-walled metal obturator (arrow), which locks to the 
hub of the catheter to prevent separation during advancement. 


in small children. We have used the Amplatz dilator set (Cook) with 
success but have found that the standard set is limited since the 
smallest sheath provided is 24-French. Sheaths for the Amplatz set 
may be ordered in 12-, 14-, 16-, and 18-French, which allow adequate 
and safe access into the kidney for instrumentation even in the small 
child (Fig. 2). Shortening of these sheaths may be required to accom- 
modate the shorter pediatric nephroscope and to permit easier ma- 
neuverability. Except in patients with a sensory deficit, all large-tract 
dilatations were performed under general anesthesia to maximize 
patient cooperation. Tracts up to 10-French diameter were made by 
using standard fascial dilators. 


Securing the Catheter 


Numerous methods have been devised for securing the catheter 
to the patient. Internal methods such as pigtail or “loop” catheters 
are of limited help in the active child. External fixation by using mylar 
discs or suturing the catheter will not adequately secure smaller size 
catheters. We have found that constructing a tape bridge (Fig. 3), 
frequently used to secure umbilical artery catheters, is a good first 
step in securing the system. Benzoin is used on both the skin and 
the catheter to enhance adhesiveness and to protect the skin. With 
the catheter supported by gauze to prevent kinking, the site is 
covered by a breathable dressing (Tegoderm, 3M, Roseville, MN) to 
keep the area dry and intact. Finally, if all else fails in long-term 
drainage of the active child, the single nephrostomy tube can be 
percutaneously converted to a silastic “circle tube” (Heyer Shulte, 
Goleta, CA) which cannot be dislodged by pulling [15]. 


Results 


Forty-nine patients underwent a total of 61 interventional 
procedures during the review period (Table 1). Eight patients 
were less than 1 month old; their interventions were percu- 
taneous nephrostomies only. Three patients were 1 to 12 
months old, fourteen were 1 to 10 years old, and 24 were 10 
to 22 years old (mean age 14 years). 
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Fig. 2.—Percutaneous retrieval of renal calculus in a 7- 
year-old. A, Radiodense calculus on right (arrow). B, Excre- 
tory urography confirms calculus (arrow) obstructing ureter- 
opelvic junction. C, Flexible nephroscope passed readily 
through 18-French Amplatz sheath. D, Minimal edema of 
ureteropelvic junction (open arrow) after procedure. 





Of the 61 procedures, 60 (98%) were technically success- 
ful. In only one patient (2%) was there a technical failure. This 
occurred early in the study and was caused by the inability to 
pass an internal ureteral stent through a ureterovesical junc- 
tion obstruction in an 18-year-old boy with recurrent stricture 
following reimplantation. Of the 60 procedures considered 
technically successful, 24 (40%) were considered definitive 
and required no further surgery or intervention. In an additional 
33 (55%), the intervention altered the course and therefore 
favorably benefited the patient. In only 3 (5%), did the patient 
fail to benefit as a result of the intervention. All three failed 
cases were ureteral strictures that did not remain patent for 
more than a week after an initially successful balloon dilata- 
tion. Complications occurred in five patients in the percuta- 
neous nephrostomy group. One patient developed Gram- 
| negative sepsis 6 hours after tube placement. In two patients, 

Fig. 3.—Simple bridge constructed from adhesive tape. Benzoin applied intrarenal hemorrhage was brisk enough to fill the pelvis with 
directly to the catheter enhances adhesiveness with the tape. clot. Only one patient required transfusion, and in both pa- 
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TABLE 1: Summary of 61 Interventional Procedures in 49 Patients 
an a ee a NT a anaa e ra O a S 





No. of Results” n i 
me O e o paame a A 
(Successful) | ll Mit (No. of Patients) 
<1 month PN 8 11 (11) 4 7 Obstruction (6) 
Pyonephrosis (2) 
1-12 months PN 2 3 (3) 1 2 Pyonephrosis (1) 
Postoperative complication (1) 
UD 1 1 (1) 1 Postoperative stricture (1) 
13 months to 10 PN 7 7 (7) 2 5 Trauma (1) 
years Obstruction (4) 
Stones/obstruction (2) 
PSR 2 2 (2) 2 
UD 1 1 (1) 1 Postoperative stricture (1) 
US 1 (1) 1 Functional obstruction in trans- 
planted ureter (1) 
PD 2 2 (2) 1 1 Urinoma (2) 
CT 1 1 (1) 1 Postoperative atresia, uretero- 
pelvic junction (1) 
>10 years PN 11 13 (13) 3 10 Obstruction (9) 
Pyonephrosis (1) 
Stones (1) 
PSR 1 2 (2) 1 1 
UD 4 6 (6) 2 1 3 Postoperative stricture (4) 
US 4 6 (5) 2 3 Obstruction tumor (1) 
Multiple strictures (3) 
PD 3 4 (4) 3 1 Abscess (2) 
Urinoma (1) 
CT 1 1 (1) 1 Ureteropelvic obstruction in poor 
surgical risk (1) 
Totals 49 61 (60) 24 33 3 





a PN = percutaneous nephrostomy, UD = ureteral dilatation, PSR = percutaneous stone removal, US = ureteral stent, PD = perirenal drainage, CT = circle tube. 
°| = definitive—no further intervention required, I = altered the course—-beneficial but further intervention or surgery required, {ll = failed—no measurable benefit. 


tients the pelvic clot completely resolved in 48 hr. Urinomas 
developed in two patients after percutaneous puncture. One 
was less than 1 month old, and the second had thin renal 
parenchyma because of chronic reflux in a transplanted kid- 
ney. One urinoma, which became infected, required drainage. 

Local anesthesia alone was required in seven patients 
(14%), a combination of local anesthesia and sedation in 24 
(49%), and general anesthesia in 15 (81%). No anesthesia 
was required in an additional three patients (6%) in whom 
sensory deficits allowed performance of the procedure with- 
out patient discomfort. There were no complications as a 
result of anesthesia or sedation. 


Discussion 


Babcock et al. [7] described the successful use of a per- 
cutaneous nephrostomy in a pediatric patient in 1979. Winfield 
et al. [8] later described the successful use of percutaneous 
nephrostomy in 10 patients, including four neonates. Other 
reports have also described the use of this procedure in 
children [9, 10, 12]. Despite these important contributions, 
not much emphasis has been placed on the safety, effective- 
ness, and technical modifications necessary to perform these 
procedures in even the smallest of neonates. Little attention 
has been focused on the broad variety of procedures, fre- 
quently performed in adults, that can be successfully and 
beneficially performed in children. 


Congenital stenotic obstructions of the genitourinary sys- 
tem in children are presently amenable only to surgical repair. 
Percutaneous nephrostomy may be beneficial in temporizing 
before definitive surgical repair by allowing drainage of the 
infected system, in assessment of the degree of return of 
function to the nonfunctioning kidney, and in stabilization of 
the patient in acute renal failure. There is likely little or no 
place for presurgical drainage for obstructions that are un- 
complicated or asymptomatic. Percutaneous nephrostomy 
may be all that is necessary to treat certain types of obstruc- 
tion such as “fungus balls” in the newborn (Fig. 4), obstruction 
from postoperative ureteral edema, or temporary obstructions 
of the upper collecting system and ureter due to extrinsic 
ureteral compression. Obstruction due to renal calculi may 
also be resolved successfully through a percutaneous ap- 
proach. Through the use of smaller diameter sheaths, calculi 
may be retrieved easily without having to establish a larger 
(=24-French) tract (Fig. 2). 

We and others have been successful in performing ureteral 
dilatation in the patient with a postoperative stricture [16]. In 
four (67%) of six patients percutaneous dilatation was the 
only procedure needed. This preliminary experience suggests 
that percutaneous dilatation of the postsurgical stricture 
should be attempted before subjecting the patient to further 
surgery. 

Most equipment now available for genitourinary intervention 
was designed primarily for use in the adult. These same 
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Fig. 4.—“Fungus ball” obstruction in a neonate with known Candida sepsis. 
A, Sonogram shows hydronephrotic upper-pole moiety left kidney and fungus 
ball in dilated upper-pole calyx (arrows). B, Percutaneous drainage of upper- 
pole collecting system shows high-grade partial obstruction due to the fungus 


systems can be used, as designed, in the older child at or 
approaching adult proportions. Unfortunately, this same 
equipment not only may be ineffective but also may be 
dangerous if used in the small infant or neonate. These 
systems are quite adaptable via substitutions of equipment 
that may be available in most radiology departments or that 
can be ordered from the manufacturers without modifications. 
Performing interventional procedures in children without a 
thorough familiarity of what modifications are necessary and 
without adequate availability of the appropriate equipment 
may result in technical failure. We had no technically unsuc- 
cessful procedures in patients less than 10 years old when 
we used this approach. The only unsuccessful procedure was 
in an older child in whom we were unable to pass a stent 
beyond the ureterovesical junction into the bladder even 
though a guidewire had crossed the stricture. We have sub- 
sequently encountered this same problem but have suc- 
ceeded by retrieving the wire through a cystoscope and fixing 
it at both ends. Graded dilators or a balloon catheter can then 
be used to dilate the stricture to facilitate passage of a more 
flexible stent. 

Continuous monitoring of heart rate, respirations, and body 
temperature is important, especially in the infant or newborn. 
In addition to radiant warmers, control of room temperature 
is critical. Draping of the sterile field often is not enough to 
keep the infant warm, especially if the drapes are wet. We 
have found that using a sterile plastic underdrape not only 
keeps the infant dry but also prevents significant heat loss. 

As in the adult, general anesthesia is not required except 
in those procedures that are prolonged or that result in 
significant patient discomfort. In only one patient less than 12 
months old was general anesthesia required for placement of 
a nephrostomy tube. General anesthesia was not necessary 
for nephrostomy tube placement in children more than 10 
years old. Using the described regimen, we encountered no 
technical failures as a result of inadequate sedation. Eleven 
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ball. C, Nephrostogram performed within 2 weeks shows resolution of obstruc- 
tion after therapeutic infusion of amphotericin through indwelling 5-French 
nephrostomy catheter (asterisks). 


patients had general anesthesia for procedures such as stone 
removal, internal stenting, and stricture dilatation. Adequate 
sedation is most difficult for this group because the young 
child cannot be expected to provide maximal cooperation, 
especially if the procedure is prolonged or produces significant 
discomfort. 

Regardless of the safety and capability of performing any 
interventional procedure, a critical look at the effectiveness of 
such procedures is necessary. In only 24 (40%) of the 60 
procedures, could we consider the intervention definitive. In 
33 (55%) of the 60 procedures, the procedure, although not 
definitive, did alter the course and have some beneficial effect. 
Most often, this beneficial effect was an improvement in renal 
function or a control of infection in an obstructed system. In 
only three (5%) of 60 procedures, did we fail to see any 
beneficial effect. At surgery, periureteral scar tissue was 
found at the site of two of the three failed strictures, in addition 
to inflammation and edema of the ureter itself. These failures 
were likely a result either of dilating ureteral strictures in the 
face of a coexistent chronic infection or of attempting to dilate 
a narrowing of the ureter caused by extrinsic compression. 

As a result of our experience, we believe that interventional 
uroradiologic procedures are both safe and effective in chil- 
dren. Technical success at minimal risk can be achieved by 
modifying equipment and by attending to the special needs 
of the pediatric patient. 
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Fetal Omphalocele and 
Gastroschisis: Pitfalls in 


Sonographic Diagnosis 





The prenatal sonographic findings in 10 infants with omphalocele or gastroschisis 
diagnosed either by sonogram or by physical examination at birth are reviewed. There 
were six true-positive diagnoses, as well as two false-positive and two false-negative 
diagnoses by sonography. The false-positive cases resulted from confusion of umbilical 
cord with extruded bowel (1 case) and oligohydramnios coupled with improper scanning 


technique (1 case). The false-negative cases resulted from poor documentation of fetai 


anatomy (1 case) and confusion of extruded bowel with umbilical cord (1 case). These 
pitfalls may be avoided by using optimal scanning technique with documentation of fetal 
anatomy and pulsed Doppler sonography. 


Developmental defects in the fetal anterior abdominal wall with resultant om- 
phalocele or gastroschisis are rare anomalies having a frequency of approximately 
1 in 2500 births [1, 2]. Omphalocele, which is a herniation of abdominal contents 
into the base of the umbilical cord, is the more common and carries an increased 
risk for concomitant abnormalities [1, 3]. Gastroschisis occurs when there is 
evisceration of abdominal contents through a paraumbilical defect in the abdominal 
wall and is less commonly associated with other abnormalities. 

Prenatal diagnosis of omphalocele and gastroschisis is important for appropriate 
obstetric and perinatal management. Termination of the pregnancy can be consid- 
ered if severe abnormalities are diagnosed early. If the pregnancy is continued, 
knowledge of an anterior abdominal defect can aid in planning optimal route of 
delivery [4]. Forewarning of the birth of an infant with one of these anomalies 
allows time to alert pediatricians and surgeons so that resuscitation and corrective 
surgery can be accomplished without delay. 

Sonography offers a means for accurate diagnosis of omphalocele and gastro- 
schisis in the fetus. However, the recognition of these abnormalities can be difficult. 
We reviewed a series of patients with omphalocele or gastroschisis diagnosed at 
birth or by prenatal sonography and found several pitfalls in these sonographic 
evaluations. 


Materials and Methods 


During the period from January 1, 1980, through September 30, 1985, approximately 7500 
fetal sonographic examinations were performed at the University of California, Davis, Medical 
Center. We reviewed all examinations in which prenatal diagnosis of either gastroschisis or 
omphalocele was made, and we compared them with the findings on physical examination of 
each child at birth. 

To discover any false-negative or additional outside examinations, we reviewed the medical 
records of ail children admitted with the diagnosis of gastroschisis or omphalocele during the 
same period to see whether a prenatal sonogram had been performed. We compared the 
sonograms for these patients with the findings on physical examination as recorded in their 
medical records. In cases of outside prenatal sonograms, we included only those in which 
the actual study could be obtained for review. 
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Fig. 1.—Gastroschisis. a, sonogram of fetal abdomen at 25 weeks men- 
Strual age demonstrates a complex mass containing cystic areas anterior to 
abdominal wall with Doppler cursor (straight arrow) on one cystic structure. 
Spectral analysis at this level showed no evidence of blood flow through area 


The sonograms were performed with a variety of both static and 
linear array real-time sonographic systems using 3- or 5-MHz trans- 
ducer frequencies. Pulsed Doppler sonography using an ATL 600 
instrument (Advanced Technology Laboratories, Bothell, WA) oper- 
ating at 3 MHz was used whenever appropriate during the past 2 
years. 


Results 


We include in this report 10 cases of infants diagnosed as 
having abdominal-wall defects by prenatal sonography or 
physical examination at birth. Three cases of gastroschisis 
and three cases of omphalocele were correctly diagnosed by 
prenatal sonography. Two cases of gastroschisis were 
missed by sonography; one false-positive sonographic diag- 
nosis of omphalocele and one false-positive diagnosis of 
gastroschisis were made by sonography. 

The menstrual ages of the fetuses at sonography ranged 
from 22 weeks to 35 weeks (mean = 29.2 weeks). The 
indications for sonography included confirmation of probable 
abnormalities seen on outside studies (4 cases), preterm labor 
(2 cases), premature rupture of membranes (2 cases), fetal 
age determination (1 case), and maternal abdominal pain (1 
case). 

In all three correctly diagnosed cases of gastroschisis, 
complex masses could be seen anterior to a defect in the 
fetal abdominal wall on the prenatal sonogram. In two of these 
cases there was total evisceration of abdominal contents 
through large defects in the abdominal wall (i.e., body-stalk 
anomaly) at birth. The course of the umbilical vessels was 
impossible to define sonographically in these two cases, but 
no membranous covering of the herniated viscera was seen. 
Associated orthopedic abnormalities were seen sonographi- 
cally in one case. Both infants died shortly after birth. A 
Doppler instrument was used in the sonogram of the third 
correctly diagnosed case of gastroschisis (Fig. 1). Arterial and 
venous flow were demonstrable in the umbilical vessels that 


(curved arrow shows fetal spine). B, C, Transverse real-time examination (B) 
with Doppler cursor over umbilical vessels located at left of mass; spectral 
analysis (C) at this level shows both arterial (open arrow) and venous (closed 
arrow) flow (curved arrow shows fetal spine). 


inserted normally into the abdomen, but no evidence of flow 
was demonstrable within any of the cystic or tubular struc- 
tures composing the viscera that had herniated through a 
right abdominal-wall defect. This infant underwent primary 
surgical closure of the gastroschisis shortly after birth. 

Sonograms for the three correctly diagnosed cases of 
omphalocele all demonstrated midline defects with herniation 
of intraabdominal contents into the base of the umbilicus. 
Membranous coverings of the herniated viscera were visible 
in all three cases. In all cases the transverse diameter of the 
abdominal-wall defect was smaller than the transverse diam- 
eter of the hernia sac, and the edge of the hernia sac formed 
an acute angle with the fetal abdominal wall (Fig. 2). Additional 
prenatal sonographic findings in these cases included poly- 
hydramnios (1 case) and a probable endocardial cushion 
defect (1 case). All three infants underwent primary surgical 
closure of the omphalocele shortly after birth. Complex con- 
genital heart disease was confirmed at birth in one case, and 
one infant was found to have Beckwith-Weidemann syn- 
drome. 

There were two false-negative sonograms for fetuses found 
at birth to have gastroschisis. In one case, the sonogram, 
done at another institution, was a limited study at 29 weeks 
for determination of fetal age and growth. Biparietal diameter, 
femur length, and abdominal diameter were measured, but 
no other documentation of fetal anatomy was made. 

In the second false-negative sonogram, multiple tubular 
and cystic structures appeared anterior to the fetal abdominal 
wall (Fig. 3). Gastroschisis was considered by the sonogra- 
pher, but dismissed because the structures appeared pulsatile 
and because no definite defect in the anterior abdominal wall 
could be visualized. A Doppler instrument was not available 
at the time of this study. It was concluded that the structures 
visualized anterior to the abdominal wall represented an 
edematous umbilical cord. At birth, the infant had a gastros- 
Chisis with protrusion of small bowel and colon through the 
defect. 
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Fig. 2.—Omphalocele. Transverse 
sonogram of fetal abdomen at 32 weeks 
menstrual age demonstrating midline de- 
fect in abdominal wall with herniation of 
both solid and cystic structures into base 
of umbilicus. Membranous covering of 
herniated viscera was seen (short curved 
arrows). Note acute angle formed by her- 
nia sac and fetal abdominal wall (straight 
arrow). Mild polyhydramnios was also 
noted (/ong curved arrow shows fetal 
spine). 


Fig. 3.—False negative diagnosis of 
gastroschisis. Transverse view of fetal 
abdomen at 35 weeks demonstrates mul- 
tiple tubular structures in mass anterior 
to abdominal wall (arrow). Structures ap- 
peared pulsatile and were later inter- 
preted as edematous umbilical cord. Dop- 
pler examination was not available. Infant 
had a gastroschisis at birth. 


Fig. 4.—False-positive diagnosis of 
omphalocele. Oblique scan through fetal 
abdomen at 32 weeks menstrual age 
after premature rupture of the mem- 
branes simulates large defect in anterior 
wall (arrows) and possible omphalocele 
(arrowheads). Note smooth continuous 
border formed by apparent hernia sac and 
fetal abdominal wall. Infant was normal at 
birth (curved arrow shows fetal spine). 


Fig. 5.—False-positive diagnosis of 
gastroschisis. Transverse sonogram of 
complex mass simulating gastroschisis 
anterior to fetal abdomen (A) at 35 weeks 
menstrual age. At cesarean section the 
infant was normal; tangled umbilical cord 
encased by blood clot (arrows) corre- 
sponded to sonographic abnormality. 


4 


One infant who was normal at birth had a prenatal sono- 
gram that was falsely positive for an omphalocele. The mother 
had premature rupture of membranes with consequent oli- 
gohydramnios. On the sonogram, there appeared to be an 
anterior abdominal wall defect with protrusion of the liver into 
a hernia sac covered by a membrane (Fig. 4). This appearance 
might have resulted from compression of the fetal abdomen, 
secondary to oligohydramnios. 

The second false-positive sonogram demonstrated multiple 
fluid-filled tubular- and cystic-appearing areas in a mass an- 
terior to the fetal abdominal wall that did not appear sur- 
rounded by a membrane (Fig. 5). Despite a Doppler exami- 
nation that demonstrated flow through some of the tubular 
structures, the mass was reported to be a gastroschisis. At 
cesarean section 2 days after the sonogram, a complete 
abruption of the placenta was found. The placenta and um- 
bilical cord were matted together, and blood clot was wrapped 
around the cord. The infant’s abdominal wall was intact. 
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Discussion 


The sonographic appearances of fetal gastroschisis and 
omphalocele have been discussed in numerous reports in the 
literature [5-9], and the utility of sonograms in diagnosing 
such conditions is well known. In gastroschisis, the abdomi- 
nal-wall defect usually lies to the right, with herniation of 
abdominal contents into the amniotic cavity. No membranous 
covering of the herniated viscera is seen in gastroschisis. 

One of the reported hallmarks in diagnosis of gastroschisis 
is the normal insertion of umbilical vessels into the fetal 
abdomen. However, identification of the position of these 
vessels can be difficult, particularly when the cord is absent 
or rudimentary as in body-stalk anomaly, which is the most 
severe form of gastroschisis [10]. In body-stalk anomalies, a 
profound error in embryologic development has resulted in 
failure of formation of the body stalk. The viscera lie outside 
the abdomen in contact with the placenta. Body-stalk anom- 
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alies are frequently associated with skeletal abnormalities and 
other severe congenital anomalies, such a structural malfor- 
mations in the heart, lungs, and liver. This form of gastros- 
chisis is uniformly fatal [10] and was present in two cases in 
this series. 

Omphalocele, which was correctly diagnosed in three cases 
in this series, appears as a midline defect in the anterior 
abdominal wall with herniation of echogenic or cystic-appear- 
ing fetal abdominal contents into the base of the umbilicus. 
The hernia sac is covered by a membrane, which is usually 
visible sonographically unless in utero rupture has occurred 
[9]. 

If it is possible early in pregnancy, the distinction between 
omphalocele and gastroschisis is important because of the 
association of omphalocele with chromosomal abnormalities. 
identification of a fetus with such an abnormality eariy in 
pregnancy suggests the need for amniocentesis. Since both 
omphalocele and gastroschisis can be associated with other 
congenital anomalies, a detailed sonographic examination of 
the remainder of the fetus is imperative in all cases so that 
optimal management decisions can be made. 

Although some patients will be referred for sonography 
because of an elevated maternal serum alpha fetoprotein, 
most anterior abdominal-wall defects will be discovered ser- 
endipitously while scanning is performed for another indication 
[11]. In this series, none of the first scans demonstrating 
anterior abdominal-waill defects were done in response to an 
elevated maternal serum alpha fetoprotein. This emphasizes 
the need for complete evaluation and careful documentation 
of the fetal anatomy in all prenatal sonograms, no matter 
what the indications for scanning [12]. In one case included 
in this review, a gastroschisis was probably missed by sonog- 
raphy because a thorough survey with documentation of the 
fetal anatomy was not undertaken. 

The technical quality of a sonographic examination is also 
important. The position of the fetus and oligohydramnios may 
make scanning difficult. One case of a false-negative exami- 
nation of a fetus with omphalocele in the presence of oligo- 
hydramnios has been reported in the literature [13]. The 
Oligohydramnios made recognition of the detail of the fetal 
outline difficult because the omphalocele was in direct contact 
with the uterine wall. In the one false-positive diagnosis of 
omphaiocele in the presence of oligohydramnios we encoun- 
tered, some compression and distortion of the abdominal wail 
resulted from the lack of amniotic fluid. Additionally, the angle 
of interrogation of the sonogram was, in retrospect, not 
transverse, but rather oblique through the fetal abdomen. 
Examination of the spine and umbilical vein or left portal vein 
can reveal an oblique angle [14]. The appearance of an 
apparently large defect in the abdominal wall and a hernia sac 
that forms a smooth continuous border with the abdominal 
wall (Fig. 4), rather than a smaller defect with the hernia sac 
forming a more acute angle with the abdominal wall, also 
suggests a false-positive examination. 

In the other two errors of diagnosis in this series, there was 
confusion in distinguishing anterior abdominal-wall defects 
from umbilical cord. We report one case of a correctly diag- 
nosed gastroschisis with Doppler examination of the extruded 
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abdominal viscera. As seen in this case, no flow was demon- 
strable through the herniated bowel, and both arterial and 
venous flow were detectable by Doppler examination in the 
umbilical vessels, which were clearly separable from the her- 
niated viscera. Doppler examination of a mass with cystic 
components located anterior to the fetal abdominal wail can 
yield valuable information about these structures and help to 
increase accuracy in diagnosis of anterior abdominal-wall 
defects. 

In summary, a thorough, well-documented fetal sono- 
graphic examination, combined with Doppler examination in 
equivocal cases, can increase the accuracy of in utero diag- 
noses of omphalocele and gastroschisis. The diagnosis of 
such anomalies is important in assuring appropriate obstetric 
and perinatal management. If the pregnancy is maintained 
with a known diagnosis of omphaiocele or gastroschisis, the 
obstetrician can minimize injury to the bowel at the time of 
delivery. Fluid loss and incidence of peritonitis can be reduced 
if surgical closure is performed within 6-8 hr of birth [15]. All 
of these measures can increase the survival of infants with 
omphalocele or gastroschisis. 
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Neonatal Renal Candidiasis: 
Sonographic Diagnosis 





With improved survival of very-low-birth-weight infants, the incidence of neonatal 
renal candidiasis is increasing. The clinical and sonographic features of four premature 
infants with renal candidiasis are presented. Both parenchymal and intrapelivic renal 
lesions, with or without hydronephrosis, were detected. Abdominal sonography is a 
useful noninvasive technique for the diagnosis and follow-up management of renal 
candidiasis. Early diagnosis allows prompt intervention with antifungal therapy and 
should increase survival. 


The occurrence of fungal balls in the renal pelvis, secondary to Candida albicans 
and resulting in hydronephrosis, is well known in adults and children, particularly in 
those with immune suppression or with diabetes mellitus [1-3]. More recently, 
there have been several reports of hydronephrosis and renal bezoars secondary 
to systemic candidiasis [4-7] in low-birth-weight premature neonates. Several 
authors originally detected hydronephrosis and Candida fungal bails by IV urogra- 
phy, voiding cystogram, or retrograde ureterography [2, 6] and, more recently, by 
sonography [6-8] but none report the associated parenchymal lesions or the small 
pelvic bezoars in the absence of significant hydronephrosis. 

We recently diagnosed renal candidiasis in four premature infants whose sono- 
grams presented various appearances, from small parenchymal lesions to gross 
hydronephrosis and large fungal bezoars. (Table 1 summarizes clinical data for 
these patients.) 


Subjects and Methods 


Sonograms were performed with a 7.5-MHz transducer and a real-time (Advanced Tech- 
nology Laboratories, Inc., Bothell, WA, Model Mark 600) machine; the imagés were printed 
on strip recorder paper except for patient 3, who was recorded on tape. 


Case Reports 
Patient 7 


At 30 days of age, this premature infant developed anuria. Renal sonograms showed 
marked bilateral hydronephrosis with echodense material forming a cast of the dilated 
collecting system on the left (Fig. 1A) and, to a lesser extent, on the right (Fig. 1B). Bilateral 
nephrostomies were performed; the large fungal “casts” of the pelvicalyceal systems were 
removed and confirmed as Candida albicans concretions. The infant was treated with 
amphotericin B and 5-fluorocytosine for 6 weeks, but she later died from overwhelming 
staphylococcal septicemia. Autopsy showed bilateral moderate hydronephrosis with multiple 
cortical abscesses that were positive for Candida albicans (Fig. 1C). 


Patient 2 


At 33 days, the second patient developed necrotic skin lesions; scrapings revealed Candida. 
Antifungal therapy was started and continued for 6 weeks. The patient is now well. The initial 
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TABLE 1: Clinical Data for Four Premature Infants 


ne SS a E R 








Case No. 
Clinical Finding 
1 2 3 4 
Gestational age (wk) 25 26 26 24 
Birth weight (g) 820 950 620 510 
RDS/BPD* Yes/Yes Yes/Yes Yes/No Yes/Yes 
Patent ductus arteriosis Yes Yes No Yes 
IVH (S)P Gr 11 Gr 11 Gr IV Gr 11 
Recognition of symptoms of 30 33 10 34 
candidiasis (age at onset, 
days) 
Broad-spectrum antibiotics Yes Yes Yes Yes 
Central venous catheters Yes Yes No Yes 
Theophylline Yes Yes No Yes 
Abdominal distention Yes Yes Yes Yes 
Intractable hyponatremia Yes Yes Yes Yes 
Candiduria Yes Yes Yes Yes 
Candidemia Yes Yes Yes Yes 
Carbohydrate intolerance No Yes Yes No 
Outcome Died from staphylococcal Well Died from staphylococcal Died from severe necrotiz- 
septicemia septicemia ing enterocolitis and 


septicemia 





a RDS = respiratory distress syndrome; BPD = bronchopulmonary dysplasia. 
> IVH = intraventricular hemorrhage; S = sonographic diagnosis. 





Fig. 1.—Patient 1. A, Longitudinal sonogram of left kidney (straight arrows) 
demonstrating echodense material “cast” of hydronephrotic collecting system 
and extending to pelvis (curved arrow). B, Longitudinal sonogram of right 
kidney (arrows) demonstrating echodense material within dilated collecting 
system. C, Gross pathologic specimen of kidneys demonstrating residual 
hydronephrosis more marked on left in addition to parenchymal Candida 
abscesses (arrows). 
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Fig. 2.—Patient 2. A, Longitudinal sonogram of right kidney showing a wedge-shaped density within renal pelvis (p). L = liver. B, Longitudinal sonogram of right 


kidney 1 week later showing resolution of lesion in renal pelvis (p). L = liver. 


Fig. 3.—Patient 3. A, Longitudinal son- 
ogram of right kidney showing focal den- 
sities in region of papillae (arrows). K = 
kidney; Ad = adrenal. B, Gross pathologic 
specimen demonstrating widespread 
papillary abnormalities (arrows) second- 
ary to Candida. 


sonogram showed on the right a wedge-shaped echodense plug in 
the pelvis, but no hydronephrosis (Fig. 2A). The plug disappeared 
after antifungal therapy (Fig. 2B), and a focal parenchymal echodens- 
ity in the left upper pole gradually disappeared. 


Patient 3 


The third patient had severely macerated skin at birth and pre- 
sented with hyponatremia and carbohydrate intolerance. Sonography 
demonstrated focal densities near the tips of the papillae (Fig. 3A) 
and, although this finding is not specific for candidiasis, in the pres- 
ence of candidemia it was considered secondary to the disease. After 
sonography, candidemia was confirmed by a blood culture. The 
patient died from overwhelming staphylococcal sepsis. Focal papillary 
necrosis resulting from Candida was confirmed at autopsy (Fig. 3B). 





Patient 4 


Echodense material was identified in the left renal pelvis and lower 
major calyx in this patient, without significant hydronephrosis. How- 
ever, multiple parenchymal lesions were identified in both kidneys 
(Fig. 4). Follow-up showed marked hydronephrosis on the right and 
large fungal balls within the dilated collecting system (Fig. 5). This 
patient's renal candidiasis was detected early and was treated with 
antifungal agents. However, in spite of therapy, the disease pro- 
gressed and surgical nephrostomy for decompression of the right 
hydronephrosis and removal of Candida concretions was required. 
Unfortunately, in spite of treatment this patient also died with severe 
necrotizing enterocolitis and septicemia. Autopsy was refused. 


Discussion 
The survival of low-birth-weight infants has improved con- 
siderably [9], but their decreased cellular immunity and re- 
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Fig. 4.—Patient 4. Initial longitudinal sonograms medially (A) and laterally (B) of right kidney. Renal pelvis is normal (p); several focal echodense lesions seen in 


both views (arrows). 





A 





Fig. 5.—Patient 4. Similar views 1 week later show fungus ball (p) within previously normal pelvis (A) and echodense filling of dilated collecting system (B). 


peated courses of broad-spectrum antibiotics predisposes 
them to systemic candidiasis [10]. In these premature infants, 
renal candidiasis can be fulminant with rapid development of 
hydronephrosis and destruction of renal parenchyma [3-5]. 
Clinical features for Candida sepsis are nonspecific and can 
be confused with bacterial septicemia, making early diagnosis 


difficult [10]. The clinical characteristics of these four infants 
were similar to those in previous reports, but in our group 
possible risk factors included hyponatremia and carbohydrate 
intolerance. 

In most previously reported cases of neonatal candidiasis, 
the patients had already developed or presented with marked 
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hydronephrosis. Initial diagnosis was formerly made by stand- 
ard renal radiologic examinations, [4, 5}, but has recently been 
made by sonography [6-8]. Hurley and Winner [11] showed 
that hydronephrosis was a relatively lat development of the 
disease in white Swiss mice. After introduction of IV orga- 
nisms, the initial lesions were cortical abscesses and pyelo- 
nephritis, followed by mycelia collections in the tubules and 
later renal pelvis fungal balls resulting in hydronephrosis. 
Candida-associated renal papillary necrosis has also been 
documented pathologically in premature infants [12]. 

In the presence of candidemia and the absence of hema- 
turia or pyuria, the calyces and the nonshadowing echodense 
material in the renal pelvis suggest renal candidiasis even 
without hydronephrosis. Parenchymal lesions, whether corti- 
cal or papillary, are less specific, but, in the presence of 
candidemia, suggest candidiasis. If clean-catch urine speci- 
mens are positive for Candida albicans and lesions appear 
on sonograms, treatment may be started while confirmation 
by blood culture or suprapubic aspiration is awaited. Focal 
echodense areas in the medulla have been described in both 
acute tubular necrosis [13] and nephrocalcinosis [14, 15], 
thus requiring clinical correlation for correct diagnoses. 

We have found renal sonography useful to identify candi- 
duria at an early stage, thus permitting early therapy and 
improved chances of survival. Follow-up examinations can 
document the need for intervention if hydronephrosis devel- 
ops. 
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Case Report 





Enterocyst Formation: A Late Complication of Neonatal 


Necrotizing Enterocolitis 


Turner |. Ball’ and J. Bradley Wyly 


Necrotizing enterocolitis is a well-recognized, though not 
thoroughly understood, inflammatory disease of the bowel 
seen in newborn and primarily premature infants. The disease 
is characterized by the clinical findings of gastric retention, 
bilious vomiting, abdominal distension, bloody stools, diar- 
rhea, and sometimes erythema of the abdominal wall. The 
well-known radiographic signs of this disease include a non- 
specific pattern of bowel distension, pneumatosis of the bowel 
wall, portal venous gas, pneumoperitoneum, signs of intra- 
peritoneal fluid [1], and the so-called “fixed loop” [2]. As 
medical and surgical management of these infants has im- 
proved, survival has increased dramatically [3]. With this 
better survival rate, the number of late sequelae of the disease 
has been encountered with increasing frequency. The re- 
ported late complications have included stenoses and ac- 
quired atresias in both large and small bowel, enteric fistulae, 
malabsorption, and the formation of enterocysts [4-9]. Stric- 
tures and atresias have been the most commonly reported 
sequelae [5]. We have recently encountered two infants who 
had previously experienced necrotizing enterocolitis with the 
resulting complication of large enterocyst formation present- 
ing as a palpable abdominal mass or as abdominal distension. 
The case histories and clinical presentations in the two infants 
are almost identical so only one case history is included. A 


combination of barium examinations of the gastrointestinal . 


tract and abdominal sonography clearly delineated the anat- 
omy of the obstructed, isolated segments. 


Received April 22, 1986; accepted after revision May 29, 1986. 


Case Report 


A 26-week-gestation infant girl with a birth weight of 750 g was 
initially treated for severe hyaline membrane disease with endotra- 
cheal intubation for 39 days. Oral feedings with full-strength Preges- 
timit (Mead Johnson Nutritional, Evansville, IN) were started after 
extubation and were tolerated for only 2 days, after which time the 
patient developed abdominal distension, bloody diarrhea, lethargy, 
apnea, and acidosis. A radiograph of the abdomen revealed pneu- 
matosis and ascites. After neonatal transport, evaluation demon- 
strated erythema of the abdominal wall, a decreased platelet count, 
and extensive pneumatosis on repeat abdominal radiographs. Peri- 
toneocentesis revealed brown cloudy fluid with many neutrophils; no 
bacteria were identified by gram stain. The patient developed increas- 
ing abdominal girth and a “fixed loop” on follow-up radiographic 
examination, in addition to more extensive pneumatosis. Because of 
her deteriorating clinical status, surgery was performed and revealed 
a gangrenous distal ileum, ascending colon, and approximately one- 
half of the transverse colon. These segments were resected and an 
ileostomy was created. A mucous fistula from the midtransverse 
colon was also brought to the abdominal skin surface. At the time of 
discharge, 8 weeks postoperatively, the patient was tolerating oral 
feedings and gaining weight. Two months after discharge she was 
readmitted with a history of vomiting, lethargy, and apparent “abdom- 
inal pain” for several days. Physical examination at that time showed 
what appeared to be a functioning ileostomy, but the mucous fistula 
had retracted and could not be catheterized. The abdomen was 
slightly distended and a mass was palpable in the left lower quadrant. 

Initially, a barium contrast study of the upper intestinal tract and 
small bowel was performed and was within normal limits, showing 
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Fig. 1.—Barium enema examination demon- 
strates filling of rectum only and acquired atresia at 
rectosigmoid junction (arrow). 
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Fig. 3.—Diagram of formed enterocyst with stenosis of proximal mucous 
fistula and acquired atresia of distal bowel. 


no evidence of obstruction or stricture formation in the small bowel. 
A retrograde barium examination of the colon was then performed 
and showed filling of the rectum only, without filling-of the descending 
or transverse colon (Fig. 1). Sonography of the abdomen revealed a 
tubular structure with a well-defined wall across the left upper abdo- 
men and in the left flank that had the course and configuration of the 
transverse and descending colon (Fig. 2). In view of the retracted 
mucous fistula and the atretic rectal segment, it was assumed that 
this tubular structure represented a closed colonic segment filled with 
secretions. The patient underwent surgery, and an enterocyst involv- 
ing the distal transverse and descending colon was confirmed. The 
proximal end of the enterocyst was closed by the retracted and 


Fig. 2.—A, Coronal sonogram of left lateral abdomen shows well-defined enterocyst with intraluminal 
fluid and solid debris. 

B, Longitudinal sonogram of left upper quadrant, 90° angled from view in A, shows enterocyst as a mass 
inferior to left lobe of liver (L). 


stenosed mucous fistula, and the distal portion was closed by an 
acquired atresia presumed secondary to ischemia from the patient's 
previous episode of necrotizing enterocolitis. 


Discussion 


As both medical and surgical treatment have improved, the 
survival rate in infants with necrotizing enterocolitis has in- 
creased. Virjee et al. [4] reported an overall mortality rate of 
17.5% in 1979, whereas a mortality rate of 76% was reported 
by Touloukian et al. [1] in 1967. As the survival rate has 
improved, the number of late complications has increased. 
These late complications include stenoses, acquired atresias, 
fistulae, enterocyst formation, and malabsorption [4-9]. The 
first four of these complications can be explained by a com- 
mon theory of development. Intestinal ischemia is the most 
important pathologic factor in necrotizing enterocolitis. The 
degree of damage to the bowel wall will depend on the extent 
of ischemia to which a segment of bowel is subjected [10]. In 
milder cases recovery may be complete. In the most severe 
circumstance full-thickness necrosis results in bowel death 
and perforation. Cases somewhere between these extremes 
have varying degrees of healing and therefore present a 
spectrum from minimal areas of narrowing to total loss of 
lumen continuity with resulting acquired atresia. Fewer areas 
of atresia have been reported in those patients who were 
medically (as oposed to surgically) treated [3]. This is presum- 
ably related to milder disease in those medically treated and 
to more severe disease in patients requiring surgery. In any 
event the development of strictures in functioning bowel 
inevitably causes signs and symptoms of clinically evident 
intestinal obstruction. In defunctionalized bowel, as in our two 
cases, complete atresia can occur without symptoms. If two 
areas of atresia occur, a closed loop of bowel results; with 
accumulation of secretions, enterocyst formation follows (Fig. 
3). In such cases, the patient can present with a palpable 


808 


abdominal mass and without signs or symptoms of obstruc- 
tion. 

In any infant treated for necrotizing enterocolitis with sur- 
gical resection and diversion of the bowel, barium studies to 
determine patency and possible stenoses are mandatory 
before reanastomosis. We suggest that sonography be used 
in any infant with a palpable abdominal mass or in whom the 
defunctionalized loop cannot be completely filled with barium. 
if an enterocyst exists, sonography readily demonstrates the 
presence and the extent of the enterocyst, its mixed fluid and 
solid debris content, its well-defined wall, and its tubular form. 
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Effect of Chronicity of 
Infection on the Sensitivity 
of the In-111-Labeled 
Leukocyte Scan 





This study was undertaken to determine the effect of chronicity of infection on the 
sensitivity of In-111-labeled leukocyte scanning. A total of 332 scans on 290 patients 
were reviewed retrospectively. The diagnosis of infection was based on culture results 
and other laboratory data, autopsy findings, radiographic studies, and clinical course. 
Duration of infection at the time of scanning was determined by the date of onset of 
fever and symptoms, elevation of white cell count, positive cultures, and abnormal 
findings on radiographic studies. Sensitivity of leukocyte scanning was 90% for 69 
patients who had infections for 0-14 days and 86% for 86 who had infections for 15 
days or longer. This difference is not statistically significant. 


In-111-labeled leukocyte imaging has been widely used to diagnose intraabdom- 
inal abscesses and other sites of infection [1-5]. The overall sensitivity of the 
leukocyte scan has been excellent, ranging from 85 to 96% [2-7]. Coleman [8], in 
a summary of the results of three large studies, found the sensitivity to be 90%. 

Several investigators [5, 8-10] have speculated that some false-negative findings 
may be due to factors such as antibiotic or steroid therapy, hyperalimentation, 
hemodialysis, and hyperglycemia that potentially affect leukocyte chemotaxis and 
function. Others have wondered if chronic infections are more likely to be missed 
[5, 8-11]. Sfakianakis et al. [11] compared In-111-labeled leukocytes and uptake 
of Ga-67 citrate in infected patients and correlated the sensitivity of each with the 
duration of infection. They found that the sensitivity of the In-111 leukocyte scan 
fell from 100% for infections less than 2 weeks in duration to 73% for those more 
than 2 weeks in duration. Using gallium, however, did not result in any false- 
negative findings in patients whose infections were of more than 2-week duration. 
On the basis of these data, the authors have recommended that Ga-67 citrate be 
used in patients with chronic infections that have been present for longer than 2 
weeks. However, there are a number of problems with this study; one of the most 
important is the small number of patients (eight) examined who had chronic infection 
[12]. 

To determine the effect of chronicity of infection on the sensitivity of the In-111- 
labeled leukocyte scan, we undertook a retrospective study of patients with acute 
(less than 14-day duration) or chronic (15-day or more in duration) infection. 


Materials and Methods 


A total of 332 consecutive scans on 290 patients (some patients underwent several 
examinations) were reviewed retrospectively. The scans were classified as positive or 
negative. The patients’ charts were then reviewed to determine if the patients were infected. 
Classification was based on culture results, white cell counts, other laboratory data, radi- 
ographic studies such as CT and sonography, autopsies, and clinical course. In the infected 
patients, the duration of infection at the time of scanning was determined by the date of 
onset of fever, onset of other symptoms, elevation of white cell count, abnormal findings on 
radiographic studies, surgery, and positive cultures. 
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Fig. 1.—38-year-old man with severe thermal burn developed fever, elevated 
white cell count, and abdominal pain. Abdominal radiograph for Dobhoff place- 
ment done 5 days after onset of symptoms showed extraluminal gas in the 
right upper abdomen. This was missed on the original interpretation. 

A, In-111-labeled leukocyte scanning was performed 41 days after the onset 
of fever, 36 days after abdominal radiograph showing abscess. Anterior view 


Patients were divided into two groups: those with infections of 0- 
to 14-day duration and those with infections of 15-days or longer. 
The sensitivity of leukocyte scanning was calculated for each group 
and compared by using the chi-square test. 

The leukocyte labeling technique was a modification of that origi- 
nally described by Thakur et al. [13] and modified by Beightol and 
Baker [14]. Forty milliliters of venous blood were obtained in a syringe 
containing 5 ml of acid citrate dextrose solution. The cells were 
allowed to sediment for 60 min in the inverted syringe. The leukocyte- 
rich supernatant was then removed from the syringe via a butterfly 
catheter and placed in a centrifuge tube. To obtain a white-cell button, 
the supernatant was centrifuged at 300-350 g for 5 min. Leukocyte- 
poor plasma supernatant was removed and stored in an identical 
sterile centrifuge tube. The white-cell button was resuspended in 5 
ml of sterile saline. One mCi (37 MBq) of In-111 oxine was added to 
the concentrated cell suspension, and the mixture was incubated for 
30-40 min. During the incubation, the suspension was gently agitated 
every 10 min. Five to 8 ml of leukocyte-poor plasma was added to 
the suspension of leukocytes, and the mixture was centrifuged for 5 
min at 450 g. The supernatant was removed and saved for evaluation 
of labeling efficiency. Five to 8 ml of the previously obtained leukocyte- 
poor plasma were gently added to the labeled white-cell button, and 
the mixture was agitated to resuspend the labeled cells. These cells 
were assayed in a dose calibrator. The In-111-labeled leukocytes 
were then drawn into a syringe and reinjected into the patient. The 
activity in the final product was limited to a maximum of 500 „Ci 
(18.5 MBq). The maximum time from blood drawing to reinjection 
was approximately 2 hr. 

Imaging was done 24 hr after injection by using a large-field-of- 
view gamma camera equipped with a medium-energy parallel-hole 
collimator with 20% windows set on the 173- and 247-KeV photo- 
peaks of In-111. 


Results 


A total of 155 patients had infections; 149 involved soft 
tissues, and 15 involved bone. Sixty-nine patients had infec- 
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over abdomen shows uptake in right abdomen with linear activity (arrow). 

B, Right lateral scan shows intense uptake in retroperitoneum with less 
intense linear activity extending anteriorly (arrow). 

C, CT scan shows retroperitoneal abscess on right (arrow) with a fistula 
communicating with the bowel. At surgery, a large abscess communicating 
with the right colon was found. 


tions with a duration of 0-14 days (range 1-14 days, mean 
8.1). Sixty-two were true positives, and seven were false- 
negatives, for a sensitivity of 90%. 

Eighty-six patients had infections with a duration of 15 days 
or longer (range 15-86 days, mean 29.8). Seventy-four were 
true positives, and 12 were false-negatives, for a sensitivity 
of 86%. 

The sensitivity of In-111-labeled leukocyte scanning was 
not significantly different when the two groups were com- 
pared (p > 0.05). Illustrative cases are shown in Figures 1 
and 2. 


Discussion 


In the other published study of the effect of chronic infection 
on the sensitivity of the In-111-labeled leukocyte scan [11], 
the sensitivity was 100% for infections 0-2 weeks in duration 
but only 73% for infections more than 2 weeks in duration. 
Consequently, these authors recommended that Ga-67 be 
used to scan patients with chronic infections that have been 
present 2 weeks or longer. However, only 19 patients with 
acute or chronic infections were examined, and of these only 
8 had chronic infections. Thus, it is difficult to draw many 
conclusions from the results. 

Data from the same study [11] also indicated problems 
related to the leukocyte labeling process. Several patients 
showed leukocyte emboli, a finding that indicates poor label- 
ing technique. In addition, the authors incubated the leuko- 
cytes with 600 „Ci (22.2 MBq) of In-111 and achieved a 
labeling efficiency of 80-90%. However, only 150 „Ci (5.6 
MBq) was available for injection in some patients. This dis- 
crepancy seems to indicate a poor labeling efficiency of some 
patients’ leukocytes. Merkel et al. [15] found, in cases of 
chronic musculoskeletal infection, that low labeling efficiency 
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Fig. 2.—60-year-old man who had infected aor- 
tofemoral grafts removed became febrile and nad 
an elevated white cell count 1 day after surgery. An 
In-111-labeled leukocyte scan was performed 7 
days later. 

A, Anterior scan over pelvis shows small focus 
of activity (arrow). A CT performed because of a 
suspected abscess was negative. 

B, Another leukocyte scan was performed 21 
days later because of a continued fever. Anterior 
pelvis view again shows right lower quadrant focus. 
Patient was taken to surgery, and a small abscess 
was drained. 


of leukocytes was associated with false-negative results. 
Thus, a low labeling efficiency in some preparations may have 
contributed to the false-negative rate in the study of Sfaki- 
anakis et al. [11]. Related to this is the more than 400% range 
of injected activity (150-600 „Ci, 5.6-22.2 MBq). Patients 
receiving the lower dosage may have had such a low photon 
flux that subtle foci of uptake were missed. 

Another problem with the labeling technique was the use 
of hypotonic hemolysis for 60 sec to remove red cells contam- 
inating the leukocyte fraction. Leukocytes can tolerate only a 
narrow range of osmolarities [16], and when they are exposed 
to hypotonic solutions, osmotic damage occurs in less than 
30 sec [16]. This has deleterious effects on the function of 
In-111-labeled leukocytes [12]. Although the results of tests 
with trypan blue and nitroblue tetrazolium (NBT) were said to 
be normal, Peters et al. [17] and Eckelman [18] believe that 
in vitro studies do not necessarily reflect in vivo function. 
They and others believe that in vivo studies are the ultimate 
test of leukocyte function [12]. Thus, diminished function 
secondary to hypotonic hemolysis may have contributed to 
the decreased sensitivity found by Sfakianakis et al. [11]. 

Our study involved 155 patients with infection, 89 of whom 
had chronic infections. Our labeling technique routinely ex- 
ceeds 90% labeling efficiency [19]. Good in vivo function is 
confirmed by our overall sensitivity for infection of 95% [6]. 
We found only a slight decrease in sensitivity in patients with 
a duration-of-infection of 15 days or more as compared with 
those with a duration of 0-14 days. This decrease was not 
Statistically significant. 

A number of studies have also indirectly supported the high 
sensitivity of In-111-labeled leukocytes in more chronic infec- 
tions. Al-Sheikh et al. [20] found no difference in sensitivity 
between Ga-67 and In-111-labeled leukocyte scans in or- 
thopedic patients with subacute or chronic bone infections 
(symptoms of 1 to several months). In a prospective study of 
In-111-labeled leukocyte scans in patients with suspected 
low-grade or chronic osteomyelitis, Merkel et al. [15] found a 
sensitivity of 83%. This was significantly higher than the 
sensitivity for combined technetium and gallium scans. In 
patients with painful arthroplasties, some of whom were being 
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evaluated for persistent infection 1 year after implantation, 
the sensitivity of the In-111-labeled leukocyte scan was 86% 
as compared with 57% for combined technetium and gallium 
scans. These patients did not have significant systemic signs 
of infections, and only one had fever. The white cell counts 
and differentials in these patients were not elevated; white 
cell counts averaged 7400/ul, and the neutrophil differential 
was 61%. Other authors [21] have shown similar results with 
chronically infected arthroplasties. Chronically infected arterial 
prosthetic grafts also have been successfully diagnosed by 
means of labeled leukocytes [22-24]. 

There are several possible explanations for the high sensi- 
tivity of In-111-labeled leukocytes in chronic infections. First, 
chronic inflammation usually results in infiltration by mono- 
nuclear cells, principally macrophages, lymphocytes, and 
plasma cells [25]. However, Robbins and Cotran [25] pointed 
out that “although polymorphonuclear leukocytes are usually 
considered the hallmarks of acute infection, many forms of 
chronic inflammation, lasting for months, continue to show 
large numbers of neutrophils and to form pus.” Second, 
Merkel et al. [15] speculated that the large number of labeled 
lymphocytes in leukocyte preparations obtained by gravity 
sedimentation may account for the high sensitivity of In-111- 
labeled leukocyte imaging in chronic infections. Milgram and 
Goodwin [26] have shown uptake of labeled lymphocytes in 
patients with chronic osteomyelitis and other chronic inflam- 
matory lesions. 
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Case Report 





Utility of Indium-111-Labeled Leukocyte Imaging in Acute 


Acalculous Cholecystitis 
Frederick L. Datz' 


The reported sensitivity of cholescintigraphy in acute acal- 
culous cholecystitis varies from 45 to 100% with an average 
sensitivity (based on combining the results in the literature) of 
75% [1-11]. This figure is significantly lower than the sensi- 
tivity reported for acute calculous disease [2, 7, 9]. In addition, 
acalculous cholecystitis often occurs in patients with severe 
intercurrent illnesses and those on hyperalimentation, condi- 
tions that can cause nonvisualization of the gallbladder on 
cholescintigraphy in the absence of gallbladder disease [1]. 
We present two patients with acute acalculous cholecystitis 
who had indium-111 (In-111) labeled leukocyte uptake in the 
gallbladder in a doughnut pattern. It appears that the leuko- 
cyte scan can detect acalculous cholecystitis. The leukocyte 
scan may be helpful in diagnosing or excluding acute acalcu- 
lous cholecystitis in patients in whom the cholescintigram 
results (either positive or negative) are questioned. 


Case Reports 
Case 7 


A 55-year-old man sustained multiple injuries in an automobile 
accident. The injuries included multiple rib fractures, crushed T5 and 
T6 vertebrae, right femoral fracture, liver laceration, left pneumo- 
thorax, and a closed head injury that left the patient comatose. 
Postoperatively, the patient developed fever. A sonogram of the 
abdomen revealed no evidence of gallstones or an abscess. Since 
the cause of the fever could not be well localized, an In-111-labeled 
leukocyte scan was performed (Fig. 1). This showed a doughnut of 
uptake in the gallbladder fossa. The patient was taken to emergency 
surgery where a gangrenous gallbladder without stones was re- 
moved. The patient went on to regain consciousness and was 
eventually discharged. 
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Case 2 


A 27-year-old male trauma patient on hyperalimentation developed 
postoperative fever and vague abdominal pain. An In-111—labeled 
leukocyte scan showed a doughnut pattern of uptake in the gallblad- 
der fossa (Fig. 2). The patient underwent emergency surgery and 
acalculous cholecystitis was found. 


Discussion 


Acalculous cholecystitis is an important cause of cholecys- 
titis. It makes up 5 to 15% of all cases of gallbladder inflam- 
mation and is thought to be increasing in prevalence [1]. 
Twenty-one to 45% of cases of postoperative cholecystitis 
are acalculous, as are one-third of pediatric cases of chole- 
cystitis [1]. Acute acalculous cholecystitis has a much poorer 
prognosis than calculous disease. As many as half of all cases 
progress to serious complications such as gangrene or per- 
foration [1]. Not surprisingly, the rate of mortality is high, 
ranging from 10 to 50% [3]. Since the disease usually occurs 
in patients with other severe diseases, the clinical diagnosis 
is often difficult [1]. 

Numerous predisposing causes for the development of 
acalculous cholecystitis have been reported [1, 2, 6-8]. One 
of the most common is chemical inflammation secondary to 
hyperconcentrated bile. Prolonged fasting hyperconcentrates 
the bile as a result of bile stasis and inspissation. Analgesics 
and increased bile pigments from multiple transfusions lead 
to a similar result [6]. 

Another chemical toxin that can acutely inflame the gall- 
bladder is refluxed bile caused by spasm of the sphincter of 
Oddi [6]. Other etiologic factors include decreased blood flow 
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to the gallbladder wall from episodes of hypotension or me- 
chanical ventilator support [6] and bacterial infection of the 
gallbladder wall secondary to hematogenous dissemination 
[2]. The latter appears to be an especially important cause in 
children [2]. A review of diseases associated with acalculous 
cholecystitis has been presented by Shuman et al. [1]. 

The usual radionuclide agents used to diagnose cholecys- 
titis are technetium imino diacetic acids (Tc-IDAs). The sen- 
sitivity of IDA scans in acute calculous cholecystitis is excel- 
lent [2], with accuracies as high as 98% reported [2, 7, 9]. 
The diagnosis is based on obstruction of the cystic duct by a 
stone that prevents flow of the IDA agent into the gallbladder, 
resulting in nonvisualization of the gallbladder. Because of 
this, investigators have questioned the sensitivity of the scan 
in acalculous disease. A number of studies of the sensitivity 
of cholescintigraphy in acalculous cholecystitis have been 
reported, but all have involved very small numbers of patients 
[1-11]. In the reports, the sensitivity has varied from 45 to 
100%. By combining the results of these studies, the average 
sensitivity of the IDA scan is 75-79%, significantly less than 
the values reported for calculous disease [2, 7, 9]. 

The cholescintigram can be falsely positive (i.e., nonvisual- 
ization of the gallbladder) in patients with severe intercurrent 
diseases (especially trauma) or those on hyperalimentation 
[1]. Unfortunately, these are the very patients who are most 
likely to develop acute acalculous cholecystitis. 

Thus, the interpretation of the cholescintigram in patients 
with suspected acalculous cholecystitis is difficult. False- 
negative studies are more common than with calculous dis- 
ease. However, since the false-positive rate is also increased 
in the patient population that develops acute acalculous cho- 
lecystitis, nonvisualization may not be diagnostic in these 
patients. Clinical correlation to confirm the diagnosis is often 
difficult because of the underlying multiple diseases present 
in these patients [1]. 

We found that the In-111-labeled leukocyte scan showed 
significant gallbladder uptake in both cases of acalculous 
cholecystitis. This uptake formed a doughnut of activity in the 
gallbladder fossa that had a characteristic “gallbladder” ap- 
pearance. The doughnut of activity is presumably due to 
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Fig. 1.—55-year-old male paraplegic 
after surgery for multiple injuries incurred 
in an automobile accident developed 
postoperative fever. Anterior abdominal 
view of indium-111-labeled leukocyte 
scan. Doughnut of activity seen in gall- 
bladder fossa. At surgery, acute gangre- 
nous acalculous cholecystitis was found. 


Fig. 2.—27-year-old male trauma pa- 
tient on hyperalimentation, with fever and 
vague abdominal pain. Anterior abdomi- 
nal view shows doughnut of increased 
activity in gallbladder region. Acute acal- 
culous cholecystitis was found at surgery. 


uptake of the leukocytes in the gallbladder wall rather than in 
the lumen. 

On the basis of these two cases, the indium-111-labeled 
leukocyte scan can detect acalculous cholecystitis. It may be 
helpful in diagnosing or excluding the disease in patients in 
whom the cholescintigram results (either positive or negative) 
are questioned. We have not formally studied the sensitivity 
of the indium-111-labeled leukocyte scan in acalculous cho- 
lecystitis. However, on the basis of these two cases, we think 
it should be helpful in evaluating selected patients who are 
suspected of having this disease. 
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Technetium-99m 
Pyrophosphate Imaging in 
Acute Renal Failure 
Associated with 
Nontraumatic 
Rhabdomyolysis 





Technetium-99m pyrophosphate (Tc-PYP) imaging was performed in five patients 
with acute renal failure associated with nontraumatic rhabdomyolysis. Four patients had 
phencyclidine intoxication and one had viral pneumonia. During the acute phase, marked 
uptake of pyrophosphate was seen in all patients in several muscle groups, but always 
in the thigh adductors. The results show that phencyclidine intoxication can result in 
diffuse muscle uptake of Tc-PYP without overt evidence of muscle injury. Tc-PYP 
imaging may provide a clue to the cause of acute renal failure in patients with suspected 
rhabdomyolysis in whom elevations of serum creatine phosphokinase concentrations 
are equivocal. 


Imaging with technetium-99m phosphorus compounds provides a useful and 
highly sensitive method for the detection of muscle injury in several disease states 
[1-3]. The mechanisms underlying muscle uptake of these radiopharmaceutical 
agents are not clear. They are probably similar to the processes that cause labeling 
of irreversibly damaged myocardium after an acute infarction. The phosphate 
compounds appear to follow shifts in muscle calcium [4, 5]. We used technetium- 
99m pyrophosphate (Tc-PYP) imaging in five patients with nontraumatic rhabdo- 
myolysis and acute renal failure to determine the potential usefulness of the 
procedure in defining the cause of acute renal failure in patients with clinically 
inapparent muscle injury. 


Subjects and Methods 


Five men, 20 to 40 years old, were referred because of acute renal failure secondary to 
nontraumatic rhabdomyolysis. Rhabdomyolysis developed in association with phencyclidine 
overdose in four patients and in association with viral pneumonia in one. None of the patients 
had visible evidence of muscle injury, nor were any soft-tissue calcifications apparent on 
radiographs of the sites shown to be involved by Tc-PYP imaging. The biochemical abnor- 
malities were typical of those commonly seen in rhabdomyolysis-associated acute renal failure 
[6, 7]. All patients had increased serum levels of creatine phosphokinase (range 3740- 
350,000 IU/l, mean 154,980), and uric acid (range 9.2-18.6 mg/dl, mean 14.5) and normal 
serum levels of albumin. Four patients had marked hyperphosphatemia (serum phosphate 
range 8.1~12.8 mg/dl, mean 10.0) and hypocalcemia (serum calcium range 4.6-6.3 mg/dl, 
mean 5.6). One patient developed transient hypercalcemia (serum calcium 11.4 mg/di} during 
the diuretic phase. Serum creatinine concentration ranged from 4.7 to 18.3 mg/d! (mean 
13.1). Four patients required hemodialysis or peritoneal dialysis to control uremia. All re- 
covered with return to normal renal function and electrolyte homeostasis. 

For the technetium pyrophosphate scan, each patient was given an IV injection of 20.mCi 
(740 MBq) of Tc-99m (stannous) pyrophosphate. Three hours later, the body was imaged 
from head to ankle by means of a commercially available instrument (Siemens Pho-Con [R)]), 
which produces 12 simultaneous coronal plane images from anterior to posterior planes at 
2-cm intervals. Detailed views of any area of interest were obtained by using an appropriately 
collimated large-field-of-view Anger camera. Abnormal muscle uptake of Tc-PYP is not found 
in acute renal failure due to causes other than rhabdomyolysis ([8] and unpublished obser- 
vations). 








A B 

Fig. 1.—Technetium-99m pyrophosphate images in a 21-year-old man with 
phencyclidine intoxication and rhabdomyoglobinuric acute renal failure. Anterior 
(A) and posterior (B) coronal tomographic sections show uptake in the left 
pectoralis muscle and in right latissimus dorsi. Uptake can also be seen in the 


musculature of the abdominal wall along the lateral body margin. Localized 
uptake is marked in the arms, forearms, thighs, and legs. 
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Results 


In all patients, increased uptake of Tc-PYP was seen in 
several muscle groups (Figs. 1-3) but was always found in 
the adductor groups of the thighs. In one patient, a repeat 
scan 8 weeks later showed resolution of the muscle uptake 
but persisting pulmonary and gastric uptake. The latter are 
characteristic of secondary hyperparathyroidism that accom- 
panies renal failure [9, 10]. The serum parathyroid hormone 
level measured as C-terminal fragments at this time was 
elevated at 2240 pg/ml (normal is 430-1860). 


Discussion 


Our results confirm the observations of others that diffuse 
muscle uptake of Tc-99m-labeled phosphate tracers occurs 
in rhabdomyolysis-associated acute renal failure in the ab- 
sence of clinically apparent muscle injury [1, 8, 11]. Although 
the mechanism of localization of these agents in the injured 
muscle is not certain, experimental and clinical evidence sug- 
gests that it may be related to calcium deposition [12, 13]. 

In rhabdomyolysis-associated renal failure, Tc-99m com- 
pounds can be used to visualize the site and extent of 
localized muscle injury that may or may not be evident clini- 
cally [8, 13]. The increased muscle uptake occurs during the 
oliguric phase and correlates with hypocalcemia [1, 11]. The 
hypocalcemia may result from the deposition of calcium in 
muscles [1, 6]. 

Calcium deposition in damaged muscle may occasionally 
be visualized by means of radiographs but not in the absence 
of clinical findings of muscle damage [13, 14]. Tc-99m phos- 
phate compounds, however, may be taken up in muscle for 





Fig. 2.—Camera images of the forearms (A), pelvis 
(B), thighs (C), and legs (D) of the same patient shown in 
Fig. 1 delineate involvement of several muscle groups. 
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Fig. 3.—Technetium-99m pyrophosphate scan in a 28-year-old man who 
developed rhabdomyolysis and acute renal failure after viral pneumonia. Ante- 
rior (A) and posterior (B) coronal tomograms from an initia study performed 4 
days after hospitalization show abnormal isotope concentration in the lungs, 
particularly the right; the inferior edge of the right latissimus dorsi; and the 
region of the adductor, gluteal, and biceps femoris museles in the posterior 
compartments of the thighs. The diffuse pulmonary uptake is characteristic of 
hyperparathyroidism due to renal failure. A repeat study performed 8 weeks 
later showed uptake in the lungs and the stomach but not in the muscles. 


which there is no clinical evidence of focal damage. Frymoyer 
et al. [8] pointed out the usefulness of Tc-99m medronate 
imaging in defining and localizing occult muscle trauma. 
Among hospital-treated phencyclidine users, rhabdomy- 
olysis develops in approximately 2.5% and acute renal failure 
in 0.5-1.0% [7, 15]. Recent studies suggested that clinical 
manifestations of phencyclidine intoxication may all be due to 
a common molecular mechanism, namely blockade of presyn- 
aptic potassium ion channels of nerve and muscle [16]. Kuncl 
and Meltzer [17] indicated that the rhabdomyolysis that de- 
velops in rats treated with phencyclidine may be due to the 
combined influence of phencyclidine and restraint and may be 
prevented by prior denervation of the muscles involved. 
Tc-PYP imaging may have diagnostic value in certain pa- 
tients with acute renal failure. In five other patients with 
rhabdomyolysis-associated acute renal failure, we determined 
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by regression analysis that serum levels of creatine phos- 
phokinase would return to normal values in 3-10 days. There- 
fore, theoretically, some patients with rhabdomyolysis and 
moderately severe renal failure could have near-normal serum 
creatine phosphokinase concentrations at the time of hospi- 
talization. In this situation, positive results on Tc-PYP imaging 
may provide a clue to the cause of acute renal failure. 
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Case Report 





False-Positive Thallium-201 Parathyroid Scan of the 
Mediastinum in Hodgkin’s Lymphoma 


Gary G. Winzelberg,' Gary A. Melada,’ and Jerrold D. Hydovitz* 


The recent introduction of thallium-201/Tc-99m. pertech- 
netate subtraction scintigraphy for imaging parathyroid ade- 
nomas has rekindled interest in parathyroid scintigraphy [1- 
5]. The sensitivity of this scanning technique has been related 
to the size and weight of the adenoma, with over 85% of 
those weighing 500 mg or more being identified [6]. A similar 
success rate with diffuse parathyroid hyperplasia has not 
been realized. The factors that control thallium accumulation 
in the parathyroids are poorly understood. Parathyroid uptake 
of thallium may be a nonspecific blood-flow—related phenom- 
enon. As our experience with this technique increases, more 
false-positive studies are being reported. This case report 
describes a false-positive mediastinal accumulation of thallium 
in a patient with Hodgkin's lymphoma. 


Case Report 


A 77-year-old white man was admitted with persistently elevated 
serum calcium levels from 12.0 to 14.5 mg/d! associated with an 
elevated intact N-terminal parathyroid hormone (PTH) concentration 
of 29 pg/m! (normal, 11-24 pg/ml) and C-terminal PTH level of 690 
pg/ml (normal, 430-1860). The serum 1,25-dihydroxy-vitamin Ds 
concentration was 69 pg/ml (normal, 15-60 pg/ml). The serum phos- 
phorus was 2.2 mg/d! with a serum chloride/phosphate ratio of 46 
(normal, < 35). There was a history of recurrent calcium-containing 
renal stones and increasing azotemia (serum creatinine, 3.7 mg/dl). 
The patient was also being treated! for congestive heart failure, atrial 
fibrillation, and ventricular arrythmias, but the treatment regimen did 
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not include any preparation that might influence the serum calcium 
concentration or parathyroid function. Additional laboratory studies 
demonstrated a modest anemia with a hematocrit of 32%, while the 
WBC count and serum protein electrophoresis study were normal. 

A parathyroid scan was performed after IV injection of 2 mCi (74 
MBq) thailium-201 (thallous chloride). The patient's head was immo- 
bilized using tape and head restraints. An anterior view of the neck 
and upper mediastinum was obtained using a regular-field-of-view 
camera equipped with a pinhole collimator (5-mm insert) placed 6 in. 
(15.25 cm) from the neck. A 100,000-count image was then stored 
on the computer. The patient was then injected with 5 mCi (185 MBq) 
of Tc-99m pertechnetate. Twenty minutes later, a repeat 100,000- 
count anterior image of the neck was obtained and was stored in the 
computer. Finally, a direct subtraction view was obtained by subtract- 
ing the 100,000-count Tc-99m pertechnetate image from the stored 
100,000-count thallium images. 

The thallium scan (Fig. 1) demonstrated a large, 3-cm thallium avid 
collection approximately 4-5 cm inferior to the right lobe of the thyroid 
in the right superior mediastinum. No other abnormality was seen. A 
high-resolution sonogram demonstrated no enlarged parathyroids in 
or around the thyroid. The right mediastinal area could not be visu- 
alized because of obscuring lung parenchyma. A’ CT scan of the 


chest and mediastinum showed no definite abnormality. 


Neck exploration identified three normal parathyroids. One of these 
(right inferior gland) was located in the thymic remnant. The right 
superior parathyroid was not identified. Because of the findings on 
the parathyroid scan, the. sternum was split and a mediastinal explo- 
ration was performed. Five matted lymph nodes were identified in the 
right superior mediastinum corresponding to the area where abnormal 
thallium collection was noted. Their histology demonstrated Hodg- 
kin’s lymphoma with histiocytic reaction. No other lymph nodes that 


1 Department of Diagnostic Imaging, Shadyside Hospital, 5230 Centre Ave., Pittsburgh, PA 15232, and the University of Pittsburgh School of Medicine, 
Pittsburgh, PA 15213. Address reprint requests to G. G. Winzelberg at Shadyside Hospital. 
2 Department of Endocrinology, Shadyside Haspital, Pittsburgh, PA 15232, and the University of Pittsburgh School of Medicine, Pittsburgh, PA 15213. 


AJR 147:819-821, October 1986 0361-803X/86/1474-0819 © American Roentgen Ray Society 





820 WINZELBERG ET AL. 





appeared to be abnormal were seen or identified in the neck or 
mediastinum. 

In the postoperative period, the serum calcium ranged from 9.4 to 
10.4 mg/dl. The patient was started on chemotherapy but eventually 
died from recurrent sepsis. A postmortem examination was not 
obtained, at the family’s request. 


Discussion 


The mechanism for thallium-201 accumulation in enlarged 
or hyperfunctioning parathyroids is unclear. After IV injection, 
thallium-201, which is a potassium analog, is distributed to 
various body organs by blood flow with a short blood-pool 
half-life [7]. Vascular organs such as the thyroid and parathy- 
roid have increased thallium uptake as compared with sur- 
rounding structures. The thallium technetium subtraction 
technique allows one to identify parathyroid thallium uptake 
by subtracting out thyroidal activity. Thallium, however, can 
accumulate in foci of abnormal focal cellular thyroid tissue, as 
is seen with papillary, follicular, undifferentiated, or mixed 
thyroid carcinoma [8], adenomatous goiter, chronic thyroiditis, 
and thyroid adenomas [9]. These areas usually have de- 
creased uptake on routine technetium scanning; thus, thallium 
technetium subtraction scintigraphy may cause false-positive 
studies. In the neck, thallium has also been shown to be 
taken up by lymph nodes involved with sarcoidosis [2], met- 
astatic adenocarcinoma of the ovary [10], and metastatic 
thyroid cancer [11]. On the basis of several published series 
[1, 2, 4-6], the overall number of false-positive studies is not 
large. To date we have studied 115 patients with suspected 
hyperparathyroidism with thallium-technetium subtraction 
scintigraphy. Seventy-two patients have been surgically ex- 
plored. There were four false-positive studies in the neck, two 
secondary to thyroid adenomas, and two secondary to Hash- 
imoto’s thyroiditis. Only one false-positive mediastinal study 
was noted (current case). The current study demonstrates 
that Hodgkin’s lymphoma of the mediastinum can also accu- 
mulate thallium, which could cause false-positive studies in 
the mediastinum and be misinterpreted as ectopically located 
parathyroid tissue. Previous work [8, 9] has shown that 
thallium uptake in malignancy is nonspecific. Thallium accu- 
mulation has been documented in lung carcinomas of various 
cell types, including squamous, undifferentiated, and large 
cell, and in adenocarcinoma of the lung [12]. Epidermoid 
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Fig. 1.—Anterior pinhole (A) thallium- 
201 view of neck and mediastinum dem- 
onstrating 3-cm collection of thallium in 
right superior mediastinum (arrow). Tc- 
99m pertechnetate view (B) shows nor- 
mal Tc-99m activity in thyroid. Subtrac- 
tion view (C) again demonstrates abnor- 
mal accumulation in right superior me- 
diastinum. 


carcinomas of the esophagus have also been shown to cause 
increased uptake. All of these malignancies may therefore 
cause false-positive studies in the neck or mediastinum. Ad- 
ditionally, any granulomatous process involving lymph nodes 
may also cause increased uptake, as has been reported with 
sarcoidosis, and could cause false-positive studies. While 
careful screening of patients with suspected hypercalcemia 
should reduce the frequency of false-positive studies, it may 
not be possible to eliminate them all. 

In the current case, the elevated calcium and PTH level 
strongly suggested the presence of parathyroid disease. The 
relationship of vitamin D metabolites to the hypercalcemia 
occasionally noted in association with certain lymphomas [13] 
is of current interest and is the subject of much investigation 
[14]. These cellular elements seemingly have the capacity to 
engage in a variety of extrarenal processes that result in the 
synthesis of 1,25-dihydroxy-vitamin Dg (calcitriol) and a num- 
ber of other vitamin D metabolites. An elevated calcitriol level 
was demonstrated in the serum of the patient reported here. 
This hormone does have the capacity to stimulate intestinal 
calcium absorption and osteoclastic bone resorption, which 
could result in hypercalcemia. We cannot eliminate other 
mechanisms (e.g., osteoclastic-activating factor, prostaglan- 
din E) that have been thought to contribute to oncogenic 
hypercalcemia. Elevated serum levels of calcitriol have been 
reported in association with primary hyperparathyroidism. If 
the hypercalcemia in this patient was related to coincidental 
primary hyperparathyroidism (in the fourth gland, not ac- 
counted for at the time of surgery), very high levels of serum- 
immunoreactive parathyroid hormone should have been re- 
corded with radioimmunoassay that recognizes carboxy-ter- 
minal fragments. Such was not the case here. 
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Technical Note 





Percutaneous Gastrostomy for Jejunal Feeding: A New 
Technique 


Gregg D. Alzate,' Harold G. Coons,’ James Elliott, "° and Patrick H. Carey’ 


The ability to create a gastrostomy by using percutaneous 
techniques without general anesthesia has simplified patient 
care [1-3]. Total parenteral nutrition can frequently be re- 
placed with percutaneous enteral feeding in acute or chroni- 
cally ill patients in whom the gastrointestinal tract is intact 
and functioning. A significant reduction in medical cost can 
be achieved [5-9]. We report our experience with 61 consec- 
utive patients in whom percutaneous gastrostomies were 
performed by using two systems designed specifically for 
enteral feeding distal to the ligament of Treitz. 


Materials and Methods 


Sixty-one consecutive patients, aged 2 to 97 years, underwent 
percutaneous gastrostomy for enteral feeding between January 1984 
and November 1985. These patients were unable to maintain an 
adequate caloric intake because of carcinoma of the head and neck 
(one-third), a stroke (one-third), or metastatic carcinoma (one-third). 
Five children who underwent the procedure carried diagnoses of 
anoxic encephalopathy (two patients), severe bronchopulmonary dys- 
plasia (two patients), and severe hydrocephalus (one patient). All of 
these patients had recurrent bouts of aspiration pneumonia. Perform- 
ing the procedure was complicated by a previous Billroth Il anasto- 
mosis (one patient), by previous subtotal gastrectomy (one patient), 
and an unusually high transverse stomach (one patient). 

For the percutanecus gastrostomies and enteral-feeding-tube in- 
sertions, the patients were given nothing by mouth after midnight the 
evening before the procedure, and if possibie, a soft nasogastric tube 
was inserted. In cases with esophageal obstruction in which this 
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could not be accomplished, a 90-cm, 5-French catheter was manip- 
ulated perorally over a 0.035-in. Bentson guidewire (Cook, Inc., 
Bloomington; IN) and the tip positioned in the gastric fundus. To 
avoid puncturing the liver, sonography was used to demarcate the 
margin of the left lobe of the liver on the anterior abdominal wail. 
Since the colon can be easily identified at fluoroscopy, opacification 
of the colon was unnecessary. Approximately 200 cm? of room air 
were injected into the stomach via the nasogastric tube. 

An 18-gauge Chiba needle was inserted percutaneously at the 
junction of the proximal and middle thirds of the stomach under 
fluoroscopic guidance. A heavy exchange guidewire (0.038 THSF 
260 Coons-Cook or 0.035 THSF 260 Cook; Cook, Inc., Bloomington, 
IN} was advanced through the needle and made to form a fundal loop 
in the gastric fundus (Fig: 1A). A 90-cm, 5-French Teflon catheter 
was inserted over the guidewire and manipulated across the pylorus 
and into the jejunum distal to the ligament of Treitz. The catheter 
was then removed, leaving the guidewire distal to the ligament of 
Treitz, and one of two methods was used to achieve proximal jejunal 
feeding catheter position. 

Thirty-six gastrostomies were performed by using a specially de- 
signed jejunostomy set (GJS-1020, Cook, Inc.). The tube is 100 cm 
long and 12 French in diameter. An important feature is the retention 
device (Friction Lock), which when unexpanded easily slides through 
a 15-French peelaway sheath (Fig. 2A). When expanded it is greater 
than 20 French, which hinders dislodgment secondary to peristalsis 
(Fig. 2B). A suture hub is present on the jejunal feeding catheter 
approximately 10 cm from the injection port (Figs. 2A and 2B). Also 
critical to the system is the 15-French peelaway sheath, which when 
placed into the gastric fundus, effectively eliminates resistance of the 
anterior abdominal and gastric wall (Fig. 2C). The rigidity of the 15- 
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Fig. 1.—A, Radiograph of abdomen 
after puncture of stomach with an 18- 
gauge Chiba needle under fluoroscopic 
guidance showing a 260-cm guidewire 
forming fundal loop with tip placed at 
pylorus. Needle is then exchanged for a 
5-French 90-cm catheter. A nasogastric 
tube is in place. Barium in colon is unre- 
lated to procedure. B, Radiograph of ab- 
domen showing 10-French dilator well 
into gastric fundus. Guidewire tip is at 
ligament of Treitz. 
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Fig. 2.—A, Photograph of proximal end of 12-French jejunostomy catheter 
showing its injection port (right arrow), suture attachment (middle arrow), and 
unexpanded Friction Lock (left arrow). B, Photograph of jejunostomy catheter 
showing Friction Lock expanded (arrow). C, Photograph of 15-French peel- 
away sheath. D, Radiograph of abdomen showing 12-French jejunal feeding 
catheter with Friction Lock (arrow) expanded in excellent position with tip 
distal to ligament of Treitz. 


French peelaway sheath also helps to transmit axial forces more This gastrostomy set is used to insert the 12-French jejunal feeding 
effectively to aid catheter movement. When feeding catheter position tube. The 5-French catheter used to place the guidewire distal to the 
is optimal, the peelaway sheath is simply pulled apart leaving the ligament of Treitz is removed and exchanged directly for a 10-French 


jejunal catheter undisturbed. 


dilator (Fig. 1B). This is followed by a 15-French peelaway sheath, 





824 ALZATE ET AL. 





A 


which is placed well into the gastric fundus. A 12-French jejunostomy 
tube, cut to optimal length, is then fed over the guidewire, and its tip 
is placed just distal to the ligament of Treitz. A jejunal catheter is 
pushed up to the suture hub and the peelaway sheath is removed. 
The retention device (Friction Lock) is then expanded and the catheter 
is sutured into place (Fig. 2D). 

In a second group of 24 patients, gastrostomies were performed 
using the Medi-tech Gastrostik (CGSK-01, Medi-tech, Watertown, 
MA), which is an 18-cm, 12.3-French gastrostomy sheath catheter 
with a removable tapered tip (Fig. 3A). An 8-French feeding catheter 
is pushed coaxially through the Gastrostik sheath pushing the re- 
movable tip ahead of it. Once the feeding catheter tip is positioned in 
the proximal jejunum, the guidewire is removed and the removable 
tip pops off into the small-bowel lumen and later passes per rectum. 
A mechanism in the tip of the Gastrostik enhances the retention of 
the 12.3-French sheath in the gastric lumen (Fig. 3A, lower). 

For insertion of the Gastrostik with jejunal feeding catheter, the 
5-French catheter used to place the guidewire distal to the ligament 
of Treitz is removed and then serial dilatations with 10- and 12-French 
dilators are performed. A 12.3-French Gastrostik sheath is placed 
over the guidewire. The central stiffener is not removed until the 
retention mechanism is well into the stomach. If any difficulty is 
encountered, a 15-French peelaway sheath is placed into the gastric 
lumen and the Gastrostik is passed coaxially. Thereafter, the stiff- 
ener is removed and the 8-French jejunal feeding catheter is pushed 
coaxially through the Gastrostik, pushing the removable tip ahead of 
it until the jejunal feeding tube is in place. The guidewire is then 
removed and contrast material is injected into the jejunal feeding tube 
to document its position relative to the mucosal surface (Fig. 3B). 
External tubing is attached to the catheter cuff and a dressing is 
applied. The removable tip of the Gastrostik will eventually pass per 
rectum. 

After either system is in place, a supine abdominal radiograph is 
taken to document the final position of the catheter, and the naso- 
gastric tube is attached to suction. The patient is kept in the supine 
position until the next morning, when feedings through the tube can 
begin, if the white blood cell count, temperature, and abdominal 
examination are normal. The enteral tube feedings are given by 
continuous infusion with the head of the bed elevated. If the feeding 
is temporarily discontinued, the tube is vigorously flushed with saline 
[4]. 

It is mandatory to prevent the patient from pulling on the tube until 
the tract matures. Because of explicit instruction for care and protec- 
tion of the tube in the disoriented patient, and close communication 
with the nursing staff, we have rarely had to attempt to replace an 
enteral feeding tube in the first 7 postoperative days. If the tube is 
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Fig. 3.—A, Photograph of Gastrostik 
and disposable tip. Upper illustration, col- 
lapsed retention mechanism. Lower illus- 
tration, expanded retention mechanism 
after central stiffener has been slightly 
withdrawn. Tip pops off when coaxial 8- 
French jejunal feeding catheter is ad- 
vanced over guidewire. B, Radiograph of 
abdomen shows Gastrostik with retention 
mechanism fully expanded (arrow) and 
coaxial 8-French jejunal feeding catheter 
in excellent position beyond ligament of 
Treitz. 


pulled out after 1 week, the tract can usually be recatheterized with 
a guidewire and a 5-French catheter. The jejunal feeding catheter 
can then be easily replaced. 


Results 


Sixty of 61 initial attempts to insert a jejunal feeding cath- 
eter were successful. In the patient in which it failed, a 
gastrostomy tube was placed. In adults, the procedure was 
performed under local anesthesia and required less than 45 
min. Hepatomegaly did not prevent the procedure. 

There were no deaths related to the procedure and no 
complications that required surgery. Two patients developed 
signs of peritonitis and fever, but both recovered with anti- 
biotic therapy. Five patients developed minor stomal infec- 
tions, two of which required antibiotic treatment. Minimal 
leakage from the stoma occurred in three patients. One had 
a retrogastric hematoma, and one had diffuse pneumatosis 
intestinalis, both without sequelae. One patient, who died of 
an unrelated cause, was found at autopsy to have penetration 
of the duodenal wall by an occluded catheter without perito- 
nitis. In this case, which was done early in the series, the 
jejunal feeding tube was a straight 6-French polyethylene 
catheter, a material that is no longer used. Autopsies in seven 
patients done up to 2 months after the procedure showed 
mature tube tracts with minimal adhesions. 

Two patients required two percutaneous punctures. One 
required a second puncture because of intraperitoneal cath- 
eter dislodgment, which occurred when a loop of catheter 
formed outside the stomach secondary to poor guidewire 
purchase. This complication occurred before an exchange 
guidewire distal to the ligament of Treitz was placed as the 
initial step. The second patient pulled his catheter out, and 
the tract, which was less than 7 days old, could not be 
reentered. 


Discussion 


The potential safety of proximal jejunal feeding as com- 
pared with nasogastric or nasoduodenal tube feeding has not 
been emphasized. The ends of nasogastric and nasoenteral 
tubes are routinely positioned in the stomach or duodenum, 
and tube feedings carry a risk of pulmonary aspiration as high 
as 38% [10, 11]. Percutaneous gastrostomy alone will not 
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reduce this risk. Experimental evidence suggests that naso- 
duodenal-feeding-tube placement results in gastric reflux of 
feeding material more than 50% of the time. However, when 
tube placement is distal to the ligament of Treitz, little gastric 
reflux occurs [12]. Thus a system of percutaneous catheter 
placement for jejunal feeding is needed. 

Two key technical factors are fundamental to safe and 
effective percutaneous placement of a catheter for feeding. 
First, manipulation of the guidewire beyond the ligament of 
Treitz provides significant purchase to prevent dislodgment 
of the catheter or looping of the catheter between the stomach 
and anterior abdominal wall. Second, the secure purchase of 
the catheter in the jejunum makes the early postoperative 
period safer than it is with a gastrostomy catheter, because 
the infusion site is far removed from the gastric puncture site. 
_ The catheters used in this series have several desirable 

features. We prefer the ease of insertion of the 12-French 
tube, but consider both systems ta be adequate as enteral 
feeding systems. The 8-French tube/12.3-French gastros- 
tomy sheath is essentially a smaller two-piece version of the 
12-French system. A retaining: mechanism in each system 
limits the possibility of accidental or inadvertent dislodgment 
of the catheter (Figs. 2B and 3A). The jejunal feeding cathe- 
ters, if dislodged, can be easily remanipulated into the proper 
position at fluoroscopy. The large bore of the 12-French 
jejunal feeding tube results in fewer catheter changes and an 
approximate life of 3-4 months. if occluded, both the 8- and 
12-French enteral feeding tubes are easily replaced in 5-10 
min at fluoroscopy. 
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Case Report 





Percutaneous Gastrostomy: Applications in Gastric 
Carcinoma and Gastroplasty Stoma Dilatation 


John S. Wills’ 


Percutaneous gastrostomy is a safe, effective alternative 
to surgical gastrostomy in patients who are candidates for 
enteric feeding but in whom transoral or transnasal feeding 
options are unacceptable [1]. Additional applications of this 
technique are possible. In a patient with severe vomiting and 
gastroesophageal reflux secondary to scirrhous carcinoma of 
the stomach, percutaneous gastrostomy was used to drain 
secretions. In a second patient with diffuse gastric carcinoma, 
percutaneous gastrostomy was performed in order to place 
a catheter in the jejunum for enteric feeding. In another patient 
with an inappropriately narrow stoma after gastroplasty, gas- 
trostomy was used to supply enteric feeding and as a route 
for retrograde bailoon dilatation of the stoma. 


Case Report 


A 67-year-old woman was referred for percutaneous gastrostomy 
to palliate intractable vomiting and gastroesophageal reflux associ- 
ated with gastric carcinoma of the linitis plastica variety. She had 
undergone surgical feeding jejunostomy, but a presumed small bowel 
obstruction had rendered it nonfunctional. Endoscopic percutaneous 
gastrostomy was attempted but was unsuccessful because of poor 
gastric transillumination and resistance to passage of the trocar 
through the gastric wall from within. Several days later, percutaneous 
gastrostomy was performed in the usual manner. Although the stom- 
ach was less distensible than usual, sufficient air insufflation to permit 
the procedure was possible (Fig. 1). Upon insertion of the 9-cm 
sheathed trocar, mild resistance was encountered, but the trocar 
entered the stomach with relative ease. The guidewire, dilators, and 
12-French gastrostomy catheter were inserted without incident. Mild 
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transient oozing of blood from the puncture site occurred for several 
minutes, but ceased spontaneously. No blood was aspirated from 
the stomach immediately after the procedure nor thereafter, and 
there was no other evidence of blood loss due to the procedure. 

The catheter was used for gastric suction until the patient’s death 
approximately 1 month later. During this time, vomiting ceased 
promptly with the use of gastric suction. 


Discussion 


Experience with approximately 70 patients in our institution 
continues to support the use of percutaneous gastrostomy 
as a Safe, effective alternative to surgical gastrostomy. This 
procedure has the potential to replace parenteral hyperali- 
mentation in many patients for whom enteric feeding is not 
contraindicated. Additional applications of the procedure in- 
clude gastric drainage and dilation of the gastric stoma after 
surgery for morbid obesity [2-4]. 

Percutaneous gastrostomy proved to be a Satisfactory 
method to drain the stomach in a patient with vomiting 
resulting from gastric carcinoma. This patient was not a 
candidate for surgical gastrostomy, and endoscopic gastros- 
tomy had been unsuccessful. Intractable vomiting repre- 
sented a serious problem with her management. Difficulties 
with needle and catheter insertion and with catheter manipu- 
lation were expected because of limited distensibility of the 
stomach caused by the tumor. However, except for a gritty 
sensation with mild resistance during passage of the cathe- 
ters, and transient oozing of blood from the puncture site, the 
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Fig. 1.—Anteroposterior spot film 
showing a 12-French gastrostomy cath- 
eter (arrowheads) positioned in proximal 
stomach. Stomach is markedly con- 
tracted by diffuse carcinoma. Nasogastric 
tube is in place. 


Fig. 2.—Lateral radiograph showing 
Headhunter catheter inserted through 
gastroplasty stoma (arrows) into distal 
esophagus. A 250-mm exchange guide- 
wire (arrowhead) has been introduced 
through catheter for insertion of balloon 
dilator. 


procedure and the subsequent management of the gastros- 
tomy site and catheter were uncomplicated. 

In another patient with diffuse gastric carcinoma, gastros- 
tomy was performed with placement of a catheter in the 
jejunum for feeding. The procedure was tolerated without 
incident by the patient, and the catheter continues to function 
satisfactorily. 

After the failure of attempted endoscopic dilatation of a 
gastroplasty stoma in another patient, fluoroscopically guided 
antegrade cannulation was attempted. This procedure was 
unsuccessful despite prolonged effort, largely because of 
inability to negotiate the stoma. After percutaneous gastros- 
tomy, initially performed to facilitate enteric feeding, retro- 
grade passage through the stoma was accomplished with a 
6.5-French Headhunter 1 (Cordis Corp., Miami, FL) catheter. 
A 250-mm exchange guide was inserted retrograde into the 
esophagus through the catheter (Fig. 2). Three separate 
dilations were performed, ultimately using a 20-mm balloon. 
The patient’s tolerance for oral feedings improved, and the 
gastrostomy catheter was subsequently removed without 
incident. 

Retrograde balloon dilation of a gastric stoma is a logical 
extension of percutaneous gastrostomy and conventional 
balloon dilation techniques [5, 6]. Our experience favors the 
use of multiple dilations, each maintained for 2-10 minutes. 
Incremental inflation of the same size balloon, using multiple 
reinflations at the same session, and the use of progressively 
increasing balloon diameters at separate sessions are sug- 
gested [5, 7]. In patients with gastroplasty for obesity, a 
luminal diameter of 10-12 mm is considered ideal [8]. In one 
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case, Griffin [8] chose a 12-mm balloon for the initial dilation, 
but because the patient was not a good surgical candidate 
and because a 12-mm balloon had no effect, then selected 
larger balloons. The satisfactory results suggested that larger 
balloons result in dilation of the stoma to the ideal range. 
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Technical Note 





A Modified Cope Introducer Set for Rapid Insertion of a 


Safety Wire 


R. Brooke Jeffrey, Jr." 


In many interventional procedures it is often desirable to 
have a second guidewire in place as a safety wire to preserve 
access [1]. This article describes a modified Cope introducer 


set [2] consisting of a coaxial sheath and dilator that can be- -~ 
used for rapid insertion of two 0.038-in. guidewires with a 21- ¥ 


gauge needle puncture. 


Technique 


The modified Cope introducer set (JWGE-10 wire exchange set, 
Cook, Inc., Bloomington, IN) described in this report includes the 
following components (Fig. 1): (1) a 21-gauge needle used in the 
Cope set; (2) a 60-cm, 0.018-in. (0.05 cm) stainless-steel wire with a 
flexible tip (similar to the 0.018-in. Cope introducer set wire but with 


k 


a 3-mm closed J configuration); (3) a 19-gauge steel cannula used in 
the Cope set; (4) 6.3-French tapered to 4-French polyethylene end- 


__ hole dilator; and (5) an outer 8-French thin-walled, tapered Teflon 


sheath that loads coaxially over the inner dilator. 

After initial puncture with a 21-gauge needle, the 0.018-in. wire is 
coiled within the renal collecting system (Fig. 2A, left). The tract is 
then dilated using the 6.3-French-tapered-to-4-French polyethylene 
dilator using an inner 19-gauge metal cannula (Fig. 2A, right). The 
§.3-French dilator and inner metal cannula are then withdrawn leaving 
the 0.018-in. guidewire in place. The thin-walled 8-French (0.104-in.) 
tapered Tefion sheath is then loaded coaxially over the 6.3-French 
dilator and is inserted as a unit over the 0.018-in. guidewire again 
with the 19-gauge inner metal cannula in place (Fig. 2B, left). Once 
the outer 8-French thin-walled sheath has been introduced into the 
collecting system, both the 19-gauge metal cannula and the inner 





Fig. 1.~-A, Components of modified Cope introducer set. 1 = &-French 
slightly tapered Teflon sheath. 2 = 6.3-French polyethylene dilator tapered to 
4 French. 3 = 19-gauge inner metal cannula. 4 = 0.018-in. stainless wire with 
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B 


flexible tip having a 3-mm closed J configuration. B, Magnified view of assem- 


bled components labeled as in A. 
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Fig. 2.— A, Technique for safety wire insertion using modified Cope intro- 
ducer set. A (left) demonstrates 21-gauge needle puncturing renal collecting 
system and 0.018-in. wire inserted into renal pelvis. A (right) demonstrates first 
step of tract dilatation with 6.3-French polyethylene dilator tapered to 4 French 
(y). 19-gauge inner metal cannula has been inserted inside 6.3-French dilator 


6.3-French dilator are removed, leaving the 0.018-in. guidewire in 
place. If there is any question about the position of the outer 8-French 
sheath within the collecting system, contrast material can be injected 
through a sidearm adapter with the 0.018-in. guidewire in place. A 
0.038-in. (0.1 cm) guidewire is then inserted through the sheath and 
coiled in the collecting system. A second 0.038-in. guidewire may 
then be introduced through the sheath as a safety wire after removing 
the first 0.018-in. wire (Fig. 2B, right). 


Discussion 


This modification of the Cope introducer set using a 21- 
gauge needle has been used successfully in 25 interventional 
procedures (18 percutaneous nephrostomies for renal stone 
extraction, four abscess drainages, and three biliary drain- 
ages). In all cases, a second heavy-duty 0.038-inch guidewire 
was employed as a safety wire. The present coaxial dilator 
system has several advantages compared with the original 
Cope introducer system [3]. First, it avoids the difficulty of 
inserting a 0.038-in. guidewire through the sidehole in an 
angled dilator [3, 4]. Second, it allows simultaneous introduc- 
tion of a 0.038-in. guidewire while the 0.018-in. guidewire is 
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but is not depicted in this drawing. B (left} shows second step in tract dilatation 
using 8-French thin-walled sheath (x) loaded coaxially over 6.3-French dilator 
(y) and inner metal cannula (metal cannula not shown). B (right) shows two 
0.038-in. guidewires inserted through 8-French sheath (x). Initial 0.038-in. 
guidewire is inserted with original 0.018-in. wire in place. 


still in place. Finally, the 8-French sheath allows for the rapid 
introduction of a second 0.038-in. guidewire as a safety wire. 

We have not used the 21-gauge needle and modified Cope 
set in cases where extensive perirenal scarring is anticipated, 
such as in patients with prior renal surgical procedures. 
However, we have used this system in several obese patients 
without difficulty. As with the original Cope introducer set, 
visualization of the 0.018-in. guidewire may be somewhat 
difficult in obese patients. Visualization can be improved, 
however, with the use of magnification fluoroscopy. No sig- 
nificant buckling of the 0.018-in. guidewire has been observed 
during tract dilatation. 
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Technical Note 





The Universal Stent Introducer: A Simplified Approach to 
Antegrade Ureteral Stent Insertion 


Won J. Lee’ and Mark Rich? 


Ureteral stenting is indicated for temporary or permanent 
urinary diversion for the management of ureteral perforations 
or fistulae. Also used after dilatation of strictures, after per- 
cutaneous surgery (such as endopyelotomy), and for relief of 
ureteropelvic junction obstruction, stenting may also relieve 
ureteral obstruction secondary to external compression 
caused by retroperitoneal fibrosis or treatable neoplasms 
[1]. As more endourological procedures are performed on the 
upper urinary tract, the need for ureteral stenting will undoubt- 
edly increase. 

Many types of ureteral stents are available, testimony to 
the fact that no single design is appropriate for all applications 
and all patients. One of these designs is the universal (Smith) 
stent, which provides both standard stenting and optional 
nephrostomy drainage with a single-size tube that is cut to fit 
the patient [2, 3]. Although there are many advantages to the 
universal ureteral stent, such as softness, tissue compatibility, 
ease of exchange, and ready availability of access to the 
kidney, some reluctance to use this stent has resulted from 
the difficulties of inserting it percutaneously. We recently 
solved this problem with a new stent introducer [4], which is 
described here along with the indications, contraindications, 
and directions for use of the universal stent. 


Materials and Methods 


The universal ureteral stent (Heyer-Schulte, Goleta, CA) is 79 cm 
long and is available in 8-French and 12-French sizes. It is made of 
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radial-compression-resistant silicone rubber with a linear barium strip 
marker and a 4-cm region of renal pelvic drainage holes marked at 
both ends with tantalum-impregnated markers. A 40-cm-long seg- 
ment is distal to this region, and its terminal (15 cm long) also has 
drainage holes. The beginning of the distal group of holes is also 
marked with radiopaque material. The distal end is cut by the radiol- 
ogist to fit the individual patient’s needs. The proximal end of the 
stent, which protrudes from the nephrostomy site, has a Luer-Lock 
adaptor to facilitate flushing and a silicon rubber cap to occlude the 
stent if external drainage is not desired. The introducer consists of a 
60-cm, 9-French polyethylene catheter that tapers to fit a 0.038-in. 
(0.1-cm) guidewire and 56-cm, 11-French peel-away Teflon sheath. 
Peel-away sheath sets (Cook Inc., Bloomington, IN) are now available 
in 8- to 18-French sizes. 

For antegrade insertion of the universal stent, a percutaneous 
nephrostomy is performed through a posterolateral approach into a 
calyx {usually posterior-middle calyx) that will make the stent describe 
a gentle curve into the upper ureter. The tract is dilated to 11-French 
and the introducer with its peel-away sheath is advanced over the 
0.038-in. guidewire through the nephrostomy tract down to the 
bladder. The 9-French inner polyethylene catheter and the guidewire 
are removed, and the universal stent, cut to the appropriate length 
as determined by fluoroscopy and radiographs, is threaded over a 
well-lubricated 0.038-in. Lunderquist guidewire, leaving only 2 cm of 
the floppy tip of the guidewire protruding from the stent. The assembly 
is then passed into the urinary tract and down to the bladder through 
the lumen of peel-away sheath. The stent is held in position by slight 
pressure on its proximal portion while the peel-away sheath is pro- 
gressively withdrawn until it has been totally removed (Fig. 1). The 
Lunderquist wire is then removed, the proximal portion of the stent 
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Fig. 1.—11-French  peel-away 
stent introducer (smal! straight ar- 
rows) is progressively withdrawn until 
it is totally removed, while universal 
stent (open arrow) is held in place by 
either Lunderquist or torque guide- 
wire. Guidewire is then removed and 
position of stent is checked. Guide- 
wire in catheter is indicated by a /arge 
curved arrow. 





A 


Fig. 2.—A, Stentogram after percutaneous stone extraction and endopye- 
lotomy shows universal stent in place without obstruction or extravasation. 
Contrast material within tube indicates patency. Renal pelvic drainage holes 
marked at both ends are indicated by arrows. Open arrow indicates beginning 
of distal group of holes. 

B, Occluded stent. Stentogram shows no contrast material within tube, thus 
indicating occlusion. Irrigation with normal saline and guidewire manipulation 
were done for cleansing of blood clot or debris in stent. Stent can also be easily 
replaced with new peel-away stent introducer if other technique fails. 


is coiled, and a povidine-iodine dressing is applied to the flank. A few 
days later, when the urine is clear, the stent is flushed with saline 
and adjusted if necessary so that one set of drainage holes is in the 
renal pelvis and the other is in the bladder or lower ureter (Figs. 2A 
and 2B). This can be checked by injecting contrast medium. The 
stent is then fixed to the skin with silk sutures and capped if external 
drainage is not desired. The dressing is changed twice a week. With 
the peel-away stent introducer system, we have successfully placed 
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the universal stent in 93 of 98 patients with various urological prob- 
lems and have found them to be effective and easy to use. The 
patient’s tolerance has been excellent and no significant complica- 
tions have been observed. 


Discussion 


In patients with malignant obstruction, in whom the ability 
of the kidney to recover is often in doubt, universal stent is 
an excellent choice, since it allows one to monitor the urine 
output of the kidney while relieving the obstruction. Similarly, 
it is helpful if renal failure may be impending. With an internal 
stent, it can be difficult to determine whether a patient with 
anuria has an occluded stent or is truly in renal failure, and 
cystoscopy and stent replacement are undesirable. If a uni- 
versal stent is in place, however, it can simply be uncapped. 
Further, if the stent does prove to be occluded, it can be 
flushed or exchanged with a new peel-away introducer. 

The universal ureteral stent generally is contraindicated 
when external urinary diversion is not indicated. Some re- 
ported problems common to all indwelling stents include 
encrustation, irritative bladder symptoms, microhematuria, 
and pyuria. Pyelonephritis and ureteritis cystitica are uncom- 
mon and usually secondary to stent occlusion. Urine cultures 
should be obtained monthly and patients should take appro- 
priate antibiotics. This is particularly important with a silicone 
elastomer stent, as this material encourages stone formation 
in the presence of bacteria. 

The use of a sheath to introduce a variety of ureteral stents 
has been previously described [5-7]. The new peel-away 
system has multiple uses, including antegrade stent introduc- 
tion, negotiation of tortuous or obstructed ureter, placement 
of a second guidewire into the ureter during percutaneous 
stone extraction, stone basketing, and removal of a foreign 
body such as migrated stent. The thin-wall sheath has a 
tendency to kink at the ureteropelvic junction and thus to 
decrease lumen size and usability. However, it can be straight- 
ened by gently pulling the sheath. 
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Case Report 





shearing of Percutaneous Nephrostomy Catheter During 
Indwelling Ureteral Stent Placement 


Steven K. Sussman,’ Edward J. Oke, Louis M. Perimutt, and N. Reed Dunnick 


The use of indwelling ureteral stents for treatment of ure- 
terai obstruction, strictures, or fistulae is a well-established 
technique that is a viable alternative to either surgery or 
percutaneous nephrostomy. Complications associated with 
the use of these stents are problems related to the initial 
percutaneous nephrostomy (vascular trauma, urinoma, infec- 
tion), transient ureteral obstruction from mucosal edema, 
spontaneous breakage of the stent, migration of the stent, 
and encrustation [1]. We describe a new complication: the 
shearing off of a portion of a previously established percuta- 
neous nephrostomy catheter during the removal of a nylon 
safety suture attached to the proximal end of the stent. 


Case Report 


The patient was a 69-year-old man with peritoneal carcinomatosis 
and bilateral hydronephrosis secondary to carcinoma of the prostate. 
A percutaneous nephrostomy catheter had been placed to drain the 
left kidney. With access through this catheter, a heavy-duty 0.038-in 
(0.097 cm) guidewire was passed down the ureter into the bladder. 
A 3-0 nylon safety suture was passed through the end hole and out 
the proximal side hole of the proximal end of a double pigtail ureteral 
stent to allow repositioning once the stent was beneath the skin. The 
ureteral stent was then fed over the guidewire to the level of the skin 
puncture site. At this point a pusher was used to further advance the 
stent so that its distal pigtail coiled in the bladder and its proximal 
pigtail coiled in the region of the renal pelvis. The guidewire was then 
removed from the stent but not from the collecting system, thus 
allowing for coiling of the guidewire in the renal pelvis so that an 
externally draining percutaneous nephrostomy catheter could be 
placed. A 6-French polyethylene pigtail catheter was passed over the 
guidewire, and injection of contrast medium verified the intrapelvic 
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position of the proximal stent. The nylon safety suture was then 
pulled without difficuity. Immediately thereafter it was noticed that 
the percutaneous nephrostomy catheter was disrupted, with its distal 
end free in.the renal pelvis. A guidewire .was placed through the 
proximal end of the catheter to allow placement of a new percuta- 
neous nephrostomy catheter (Fig. 1). The free distal end was left 
within the collecting system, as it was decided that removal of this 
catheter fragment was not essential in this patient. 


Discussion 


Specific complications associated with the use of indwelling 
ureteral stents are transient obstruction, encrustatic. «, migra- 
tion, and spontaneous breakage of the stent. Transient ob- 
struction is a common phenomenon that occurs early and is 
presumably secondary to edematous changes caused by the 
pressure effect of the catheter. This usually resolves within 5 
to 8 days [2]. Encrustation with phosphate crystals is uncom- 
mon and is associated with urinary tract infection and an 
alkaline urine [1]. Migration can occur both upward into the 
renal parenchyma [3] and downward into the bladder and 
may require replacement of the device if the obstruction is no 
longer stented. Spontaneous breakage is presumably sec- 
ondary to deterioration of the stent after long-term exposure 
to the urinary system and to kinking and bending at the time 
of insertion [1]. 

The technique for antegrade insertion of indwelling ureteral 
stents has been described [4]. A commonly used modification 
is placement of a nylon suture through the proximal end hole 
and out the most proximal side hole. Once the stent is out of 
reach within the collecting system, it still can be pulled back- 
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Fig. 1.—Proximal pigtail of indwelling ureteral stent is 
well positioned in the renal pelvis. Distal portion of 
sheared percutaneous nephrostomy catheter has its pig- 
tail within left upper pole collecting system. An intact 
externally draining percutaneous nephrostomy is also 
present. Distal end of a right indwelling ureteral stent 6 
seen in bladder. 


Fig. 2.—Proposed mechanism for shearing of exter 
nally draining percutaneous nephrostomy catheter during 
pulling of nylon safety suture. A loop of nylon safety 
suture is shown wound around percutaneous nephros- 
tomy catheter. Catheter may be sliced as suture 5 
dragged across it during removal (see insert). 


ward, if necessary, simply by pulling both limbs of the nylon 
safety suture that are protruding through the skin puncture 
site. Once the stent is positioned satisfactorily, the suture can 
be removed by pulling a single limb while maintaining stent 
position with the pusher. 

After placement of an indwelling ureteral stent, an externally 
draining percutaneous nephrostomy catheter is often left in 
place for 24 to 72 hr to be certain that the indwelling stent is 
functioning well [5]. After removal of the pusher the guidewire 
is removed from the stent but not from the collecting system, 
thus providing access for final placement of a percutaneous 
nephrostomy catheter. An alternative method for providing 
access for the final percutaneous nephrostomy catheter is 
exchange of the initial catheter for a peel-away sheath through 
which two guidewires are placed in the renal pelvis. One 
guidewire is used for stent placement and the other for final 
placement of the percutaneous nephrostomy catheter. In our 
case, we wished to verify the position of the proximal pigtail 
in the renal pelvis by observing the injection of contrast 
medium; therefore the nylon safety suture was not removed 
until after placement of the final, externally draining percuta- 
neous nephrostomy catheter. During the pulling of this nylon 
safety suture the tip of the polyethylene percutaneous ne- 
phrostomy catheter was sheared off. A single loop of nylon 
that may have wound around the catheter during manipula- 
tions presumably sliced through it (Fig. 2). Although the 
indwelling sheared fragment of the percutaneous nephros- 
tomy catheter was not removed in our case, removal of 
catheter fragments in the renal pelvis can be performed by 
the radiologist via a percutaneous approach by using forceps, 
baskets [6], or angiographic guidewire loop-snare devices. 

Recently a new method of introducing dauble-J stent cath- 
eters by means of a coaxial sheath system has been de- 
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scribed [7]. This may eliminate the problem of shearing of the 
externally draining percutaneous nephrostomy catheter dur- 
ing the pulling of a safety suture, as the pusher itself functions 
as the externally draining percutaneous nephrostomy cathe- 
ter. 

To avoid shearing of percutaneous nephrostomy catheters 
during placement of indwelling ureteral stents, we recommend 
either careful fluoroscopic monitoring during pulling of the 
safety suture if another catheter is within the renal pelvis or 
exchange of the catheter for a guidewire during this man- 
uever, with subsequent replacement of the catheter after the 
nylon safety suture has been removed. 
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Case Report 





Successful Treatment of Superior Vena Cava Syndrome by 
Venous Angioplasty 


Cynthia S. Sherry,’ Norman G. Diamond,’ Thomas P. Meyers,” and Russell L. Martin® 


Obstruction of the superior vena cava is a rare complication 
of a transvenous cardiac pacemaker [1-3]. Thrombosis and 
fibrotic stenosis are the usual mechanisms of obstruction 
[1], and treatment usually involves anticoagulant therapy, 
thrombolytic agents, or surgical intervention [2, 3]. We report 
successful balloon dilatation of a superior vena cava stenosis 
that had developed as a complication of a cardiac pacemaker. 


Case Report 


An 82-year-old white woman was admitted to Baylor University 
Medical Center with symptoms of superior vena cava syndrome, 
including progressive swelling of her face, neck, and arm over a 4- 
day period. Venous distension and pitting edema of the anterior 
chest, arm, and neck were noted upon physical examination. A 
permanent atrioventricular synchronous pacemaker had been in- 
serted from a left subclavian venous approach 2¥2 years before. 
Superior vena caval thrombosis was suspected. Findings on a chest 
radiograph were negative for a mediastinal mass. Venography was 
performed via simultaneous injection of both upper extremity venous 
systems. A focal 5-mm stenosis of the superior vena cava was noted 
at its junction with the right and left innominate veins. Pacemaker 
leads entered the lumen of the superior vena cava at the point of 
stenosis. The next day, from a right common femoral venous ap- 
proach, a 0.035-in. (0.09 cm) J-tipped guidewire was advanced into 
the superior vena cava and followed by a 5-French straight selective 
catheter, modified with a gentle distal curve. By means of the J-wire 
the stenosis was easily traversed, and the 5-French catheter was 
advanced into the right innominate vein. Systolic pressure above the 
stenosis was 19 mm Hg. The selective catheter was then exchanged 
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for an 8-French dilatation catheter equipped with a 10-mm balloon. 
The hourglass deformity was eliminated upon inflation of the balloon. 
A repeat venacavogram revealed successful dilatation of the stenosis. 
After dilatation, systolic pressure in the right innominate vein was 12 
mm Hg. 

The patient was symptom free and remained weil until 15 months 
later, when symptoms recurred. Venography showed recurrence of 
the stenosis in the same region. Pressure above the lesion, in the 
right internal jugular vein, was 19/17 mm Hg (mean 18 mm Hg), while 
that below the lesion, in the superior vena cava was 6/3 mm Hg 
(mean 4 mm Hg). The stenosis was dilated to 12 mm (2 mm greater 
than before) by means of a 9-French dilatation catheter with a 12- 
mm balloon (See Fig. 1). 

Pressure readings after dilatation were 19/14 mm Hg (mean 17 
mm Hg) and 17/9 mm Hg (mean 13 mm Hg) above and below the 
level of stenosis. Minimal residual luminal narrowing was evident. 
Once again the patient was relieved of symptoms. She was dis- 
charged the next day on a regimen of 300 mg of aspirin each day. 


Discussion 


Percutaneous transluminal angioplasty is a well-established 
treatment for a variety of arterial occlusions and stenoses. 
Venous angioplasty has been applied primarily to stenoses of 
saphenous vein bypass grafts [4]. Reports of angioplasty for 
larger vein stenoses have been limited. Hepatic vein stenosis 
and inferior vena cava stenosis [5, 6] due to the Budd-Chiari 
syndrome have been dilated successfully, as has portal vein 
occlusion secondary to chronic pancreatitis [7]. There is also 
a report of superior vena cava angioplasty in a 15-month-old 
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Fig. 1.—A, Recurrent superior vena 
cava stenosis at junction of right and left 
innominate veins (curved arrow). 

B, Contrast-inflated 12-mm_ balloon 
dilatation catheter. 

C, Venacavogram after procedure 
shows dilatation of the stenosis with min- 
imal residual narrowing. 


child in whom the superior vena cava obstruction was a 
complication of total anomalous pulmonary venous drainage 
[8]. 

Stenosis of the superior vena cava is a rare complication 
of transvenous pacemaker insertion, but it lends itself well to 
percutaneous angioplasty. Obviously, accurate sizing of the 
balloon before performing the procedure is desirable to avoid 
rupture of the superior vena cava. As in arterial angioplasty, 
a recurrent stenosis can be redilated easily and with good 
results. 
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Case Report 





Short-Term Prophylaxis of Pulmonary Embolism by Using a 


Retrievable Vena Cava Filter 


Michael D. Darcy,’ Tony P. Smith, David W. Hunter, Wilfrido Castaneda-Zuniga, Gunnar Lund, and Kurt Amplatz 


The most common indications for placement of vena caval 
filters have been to prevent further pulmonary embolism in 
patients in whom anticoagulation therapy has failed or who 
have contraindications to anticoagulants. In Greenfield's se- 
ries [1], 18% of filters were placed prophylactically in patients 
who had not had embolic events but were at high risk sec- 
ondary to having large free-floating iliac or caval thrombus. In 
that series and in others [2] where filters were used prophy- 
lactically, the filters were placed with the intention of leaving 
them in permanently. Permanent insertion of a Kimray-Green- 
field (K-G) filter carries a 3-5% risk of subsequent inferior 
vena cava thrombosis [3], which may lead to difficulties 
associated with venous stasis. In addition, clots can embolize 
through large collateral channels that develop around an 
obstructed inferior vena cava. We recently reported the de- 
velopment of a caval filter that can be removed percuta- 
neously [4]. The present case report describes the use of the 
Amplatz Filter for short-term prophylaxis of pulmonary em- 
bolism with subsequent percutaneous removal. To our knowl- 
edge, this is the first such case reported. 


Case Report 


A 66-year-old woman with a malignant fibrous histiocytoma involv- 
ing the right ilium was being treated with a multidrug chemotherapeu- 
tic regimen before surgical removal of the tumor. One month after 
the diagnosis, she developed a fever, and her right leg became warm 
and swollen. A venogram revealed extensive thrombus in the calf 
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veins and the femoral vein. The common femoral and iliac veins were 
free of thrombus. Heparin therapy was started. Two days later, a 
lung perfusion scan was done to evaluate shortness of breath and 
was normal. Three weeks later, a right hemipelvectomy was planned. 

Because of the nature of the surgery, the patient was considered 
at high risk for pulmonary embolism during the perioperative period. 
Thus, the day before surgery, an Amplatz retrievable filter was 
percutaneously inserted through the right internal jugular vein. After 
doing an inferior vena cavogram, the filter was placed without com- 
plications at the L3 level below the renal veins. The patient’s post- 
hemipelvectomy course was complicated by wound hemorrhage, 
sepsis, and skin-flap necrosis. However, by the 13th postoperative 
day, the patient was becoming mobile and, no longer confined to 
bed, was beyond her high-risk period. Therefore, on the 16th post- 
operative day the filter was percutaneously removed through the left 
femoral vein. 

The retrieval technique used in this case is identical to that de- 
scribed previously [4]. A cavogram, done before removal, showed no 
thrombus in the inferior vena cava. The caudal hook of the filter was 
“captured” with a wire snare (Fig. 1). We passed an 8-French Teflon 
dilator over the snare and used it to secure the snare around the 
hook. We then passed a 14-French Teflon sheath coaxially over the 
8-French dilator with the intent of passing it up over the filter and 
thus extracting the filter prongs from the caval wall as the filter was 
collapsed into the sheath. Because we were forced to approach the 
filter from the left side, the 14-French sheath met the filter at a rather 
sharp angle (Fig. 2), which prevented the sheath from being gently 
advanced over the filter as recommended. Instead, the filter was 
gently pulled into the sheath, without apparent trauma to the inferior 
vena Cava wall (Figs. 3 and 4). The patient tolerated the procedure 
well, and a cavogram done 3 days after retrieval was normal. 
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Fig. 1.—Wire snare engages caudal 
hook of filter. 


Fig. 2.—14-French Teflon sheath ad- 
vanced to filter, meeting it at relatively 
sharp angle. 


Fig. 3.—Filter gently pulled into 14- 
French sheath. 


Fig. 4.—Filter completely collapsed 
and withdrawn into sheath. 
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Discussion 


The design of the Amplatz retrievable filter [4, 5] allows 
both placement and retrieval percutaneously, obviating sur- 
gical venotomy. Because of the hook’s caudal location, re- 
trieval can be performed only by the femoral route. Once the 
femoral vein is entered, an iliofemoral and caval venogram is 
done to ensure that no residual thrombi exist that could 


embolize during filter manipulation. Large iliofemoral or caval: 


thrombus contraindicates a retrieval attempt. The retrieval 
procedure is technically easy. In this case, the hook was 
captured after two or three passes of the wire snare. The 
ease of retrieval was also demonstrated in previous dog 
experiments, in which almost all attempted retrievals were 
successful within 2-3 min [6]. 

The experimental data obtained in dogs have also sug- 
gested that percutaneous retrieval of the Amplatz filter re- 
mains a safe and easy procedure for up to 2 weeks after 
insertion. During the third week, the filter can still usually be 
removed, but there may be slightly more difficulty and poten- 
tially more trauma to the inferior vena cava [6]. The removal 
of the filter in our patient was delayed slightly more than 2 
weeks because of postsurgical complications, and yet the 
- retrieval was performed without trauma. 

Greenfield and Crute [7] reported a cylinder device for 
retrieving K-G filters, but it is 11.1 mm (approximately 34 
French) in diameter. Not only would this size require a venot- 
omy, but in four of the 15 dogs in whom Greenfield and Crute 
attempted to use the device, it could not be passed through 
the jugular veins. In their study, K-G filter retrieval was only 
possible during the first week after insertion, after which the 
filters were too securely fixed to the inferior vena cava. This 
short time during which retrieval can be accomplished limits 
the usefulness of the K-G filter for short-term prophylaxis 
because. the patient's high-risk period could easily extend 
beyond 1 week. 

in the use of a snare-loop system to retrieve a misplaced 
K-G filter [8], the filter was repositioned from the renal vein to 
the inferior vena cava. The snare was used to collapse the 
filter, but the anchoring hooks were left uncovered. Although 
the authors stated that complete percutaneous removai could 
have been performed, it is uncertain how much damage would 
be done to the veins by the unprotected filter hooks. 

The basket filter, also recently described [9], has a caudal 
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hook to allow percutaneous retrieval. Although the authors’ 
pathologic studies suggested that the filter should be retriev- 
able up to 2 weeks after insertion, they had not yet clinically 
tested this hypothesis. Their one reported retrieval attempt in 
a dog failed because the filter fractured as a result of a design 
problem that has since been corrected. 

The Amplatz retrievable filter has been shown in our pre- 
vious work to be at least as efficient as the K-G filter in 
trapping emboli, especially when the filters are tilted [4]. This 
advantage, as well as the ease with which the filter can be 
inserted or retrieved percutaneously, makes it an attractive 
alternative to the K-G filter. As demonstrated by this case 
report, the development of the Amplatz retrievable filter has 
broadened the applications of caval filters by making it prac- 
tical to use them for short-term prophylaxis of pulmonary 
embolism. This use will probably be of most benefit in surgical 
patients at high risk for pulmonary embolism, especially if 
they cannot be placed on anticoagulants. Although presently 
limited to use in experimental clinical trials, we anticipate the 
filter will be commercially available in 1-112 years (Cook, 
Bloomington, IN). 
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Renografin-60 for 
Urography: Effect on Serum 
Electrolytes and Proteins in Adults 





A prospective study was done on 27 adults to assess the changes in serum electro- 
lytes and proteins induced by bolus administration of 100 ml of the ionic contrast medium 
diatrizoate meglumine and sodium (Renografin—60) for IV urography. Statistically signif- 
icant changes in serum sodium, chloride, potassium, calcium, bicarbonate, phosphate, 
total proteins, and albumin were shown at 5 min postinjection. The mean percentage 
decreases were sodium 2%, chloride 2%, potassium 9%, calcium 13%, bicarbonate 9%, 
phosphate 10%, and proteins 15%. A mean 3% increase in serum osmolality was 
observed. By 30 min, sodium and chloride levels had returned to baseline; potassium, 
calcium, and albumin values were incompletely recovered; bicarbonate was not signifi- 
cantly changed from 5 min; and phosphate values continued to decrease. An in vitro 
dialysis experiment in which different volumes of Renografin—60 were dialysed against 
an electrolyte solution (pseudoserum) produced a dilutional factor of 5 to render a given 
volume of the contrast isoosmotic with plasma. The observed changes from the baseline 
values of the electrolytes and proteins up to 10% are therefore assumed to be due to 
hemodilution resulting from movement of fluid from the extravascular to the intravascular 
compartment. This study confirms alterations in serum levels of several electrolytes 
after the use of ionic contrast media beyond simple hemodilution. Although these 
changes appear not to be clinically significant in this investigation, the alterations in 
potassium and calcium may contribute to arrhythmias, particularly when hypokalemia or 
hypocalcemia preexists. 


Water-soluble iodized ionic contrast media remain the most commonly used 
intravascular contrast media despite the recent introduction in some countries of 
nonionic contrast media with less osmolality. Although the frequency of adverse 
reactions with the administration of contrast media is low, they are no less 
important; The ideal contrast agent will produce no adverse reactions. 

Several alterations in body chemistry after intravascular contrast administration 
have been documented. These include changes in the electrophoretic mobilities of 
blood proteins and lipoproteins [1], hematocrit, serum sodium, serum osmolality 
[2], and acute hypocalcemic effects [3]. Radiographic contrast media also have 
been shown to cause acute fibrinogenopenia [4] and to produce transient electro- 
cardiographic abnormalities [5, 6]. However, other workers [7] have reported no 
change in serum sodium, potassium, or creatinine levels. 

We have investigated the changes in serum electrolytes and proteins induced 
by a commonly used ionic urographic contrast medium, diatrizoate meglumine and 
sodium (Renografin—60, Squibb, Princeton, NJ), during IV urography. Our purpose 
was to document the electrolyte alterations induced by this contrast medium in our 
patients, in particular, the changes in serum sodium, calcium, and potassium, and 
to correlate them with any observed reactions. 


Materials and Methods 


The subjects were 27 consecutive adult patients who were referred to the Department of 
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Diagnostic Radiology for IV urography. The patients were being 
investigated for genitourinary abnormalities. Those with known elec- 
trolyte imbalance, intestinal urinary diversion, chronic renal failure, 
and renal transplants were excluded. The study protocol was ap- 
proved by the Health Sciences Standing Committee on Human Re- 
search, University of Western Ontario. Written informed consent was 
obtained from all patients. 

Patient preparation for urography consisted of 2 oz (60 ml) of 
castor oil before 4 p.m. and no solids after 4 on the afternoon before 
examination, an early low-residue supper, then fasting from 6 a.m. 
on the day of examination. This regimen was designed to avoid 
excessive dehydration and promote optimum contrast concentration. 

During IV urography, samples of blood were withdrawn before the 
injection of contrast medium and at 5 and 30 min after injection. The 
30-min blood sample could not be obtained from all patients for 
technical reasons. All the patients received 100 ml of Renografin-60 
administered rapidly as a bolus in less than 1 min. Renografin-60 
contained diatrizoate meglumine 52%, diatrizoate sodium 8%, 0.32% 
sodium citrate, and 0.04% disodium edetate; total sodium concentra- 
tion was 0.1902 molar. The last two.samples of blood were withdrawn 
through the same needle that was used for the first venipuncture 
after flushing with at least 5 mi of 0.9% saline. The first 2 mi of blood 
obtained after such flushing were discarded. All patients were ob- 
served for contrast reactions, and the presence or absence of sub- 
jective changes including warmth, nausea, and itching also were 
recorded. 

The mean values for serum electrolyte and blood proteins were 
obtained (Table 1) and the analysis of variance was done using a 
single-factor repeated-measures design. Comparison among the time 
means, using Tukey’s pairwise T-test, was carried out. A p-value of 
less than 0.05 was considered statistically significant. 

To be certain that contrast medium did not interfere with laboratory 
measurements, five specimens of blood were analyzed with and 
without the addition of Renografin-60 in a dilution of 1:40 (using a 
Technicon SMA II Analyzer, Tarrytown, NY and a Beckman Astra 8 
Analyzer, Norcross, GA). 

An osmolarity dialysis experiment was carried out in vitro to 
establish the expected ratio for dilution of contrast medium. Different 
volumes of Renografin-60 were placed into dialysis tubing (Specta- 
por, Los Angeles, CA, approximately 3500 molecular weight cutoff) 
and the bags sealed. The tubes were then dialyzed against 4 | of an 
electrolyte solution (pseudoserum) containing 148 mM Na*, 4.3 mM 
K*, 110 mM CI, 28 mM HCO,", and 10 mM PO," (osmolarity=272 
mOsm). After 18 hr the volume and osmolarity of each tube was 
measured, using a graduated cylinder and a Precision microosmette 
(Precision Instruments, Sudbury, MA), respectively. 


Results 


There was a total of 27 patients: 14 women and 13 men. 
The mean age was 40.6 years with a range of 18-90 years. 

Of the first 19 patients, 15 had subjective feelings of 
increased body warmth; there were nausea in four, itching in 
one, and sneezing in two patients. The reactions observed 
were all mild and resolved without treatment. 

Table 1 shows the values for sodium, potassium, chloride, 
calcium, bicarbonate, total proteins, albumin, phosphate, and 
osmolality at 0, 5, and 30 min after the injection of the contrast 
medium. There are definite differences in the means at 5 min 
and/or 30 min compared with the baseline values. Statistically 
significant decreases occurred at 5 min in the values of 
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TABLE 1: Changes in Serum Electrolytes 








Time Change No.of  F test 
(min) Moan ESD (%) Patients p-value 
Sodium? 0 140 +22 al 
5 1386 +33 —2 27 0.001 
30 138 +3.44 20 NS 
Potassium? 0 43 +04 27 
5 3.9 +0.4 —9 27 0.001 
30 4.1 +04 —6 20 0.008 
Chioride® 0 105 +28 27 
5 103 +45 —2 27 0.018 
30 106 +57 20 NS 
Calcium? 0 2.32 + 0.11 19 
5 2.02 + 0.13 —13 19 0.001 
30 2.07 + 0.16 -11 13 0.001 
Bicarbonate? 0O 240 +19 26 
5 218 +3.2 —9 26 0.001 
30 217 +2.0 —10 20 0.001 
Protein” 0 683 +5.4 19 
5 58.3 + 4.7 —15 19 0.001 
30 61.4 +57 —10 13 0.001 
Albumin? 0 415 +34 19 
5 36.5 +3.4 —12 0.001 
30 «38.6 +3.0 —7 13 0.002 
Phosphate®* 0 1.07 + 0.12 19 
5 0.95 + 0.13 —10 19 0.001 
30 0.91 + 0.13 -15 13 0.001 
Osmolality® 0 283 +35 7 
5 292 +56 +3 7 0.002 
Note.—NS = not significant. p < 0.05 was considered significant. 
a in mmolfi. 
Pin oft. 
“in mOsm/kg. 


sodium, potassium, chloride, bicarbonate, total proteins, al- 
bumin, phosphate, and osmolality. 

Sodium and chloride values returned to preinjection levels 
by 30 min postinjection, whereas potassium levels recovered 
by 40% at 30 min. Smaller changes in serum calcium and 
protein levels between 5 and 30 min indicate a slower recov- 
ery toward baseline. Bicarbonate values showed no signifi- 
cant movement toward baseline by 30 min; phosphate levels 
continued to decrease. 

No significant changes in electrolyte determinations were 
observed when serum samples were tested before and after 
the addition of Renografin—60 (1:40 dilution). Therefore, the 
contrast material does not interfere with established biochem- 
ical tests. 

The in vitro experiment showed fluid movement into the 
dialysis bags containing Renografin. Final osmolarity in each 
bag measured between 279 and 283 mmol/kg. A plot of final 
volume against initial volume yielded an r = 0.99 with a slope 
of 4.8 (Fig. 1). 


Discussion 


This study shows that there are alterations in the serum 
levels of several electrolytes after the use of ionic contrast 
medium during urography. This is in general agreement with 
the findings of previous investigators [1, 2, 3, 6], although 
others have found no changes in serum sodium, potassium, 
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Fig. 1.—Plot of starting volume (Vs} and final volume (Vf) for measured 
aliquots of Renografin-60 dialyzed for 18 hr (see text). 


or creatinine [7]. Statistically significant decreases occur in 
the serum values of sodium, potassium, calcium, bicarbonate, 
total proteins, albumin, and phosphate at 5 min after IV 
injection of Renografin—60. This occurs during the early rapid 
fall of plasma concentration of contrast medium injected as a 
bolus [8, 9] and may account for some of the differences from 
values reported by other workers who took their blood sam- 
ples at later times. DiSessa et al. [7] using meglumine sodium 
diatrizoate during angiocardiography in doses of 1-1.5 ml/kg 
in 30 patients less than 3 years old found that neither serum 
sodium nor potassium had changed from baseline values at 
15 min postinjection. On the basis of our results, this may be 
too late to detect a significant change in serum sodium, but 
serum potassium should still be decreased. Using Reno- 
grafin—76 (diatrizoate meglumine 66% and diatrizoate sodium 
10%, Squibb) for angiocardiography in doses of 2 mi/kg in 10 
infants less than 2 years old, Baltaxe et al. [6] found an 
average decrease of 2% in serum sodium and 10% in serum 
potassium 15 min after injection. These values are similar to 
the 5-min values in this study. 

In another study, Robey et al. [2], using Renografin—60 in 
doses of 1-3 ml/kg body weight for urography in children up 
to 10 years old, found mean decreases in serum sodium of 
1.8 mEq/l in children less than 5: years and 1.4 mEq/l in those 
between 5 and 10 years. These investigators, however, got 
their postinjection samples in 1 hr, by which time serum 
sodium had returned to baseline values. The reason for this 
discrepancy is not entirely understood. Berger et al. [3], using 
Renografin—60 or Renografin-76 in an average dose of 60 ml 
during angiography in nine adult patients, found a maximum 
decrease of serum calcium of 0.088 + 0.038 mM/I at 2-5 min 
after injection, then a gradual return to baseline values, which 
was incomplete at 15 min postinjection. This slow recovery 
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was similar to our findings in which calcium had not returned 
to baseline values by 30 min postinjection. 

We think the mechanisms by which the changes occur, 
although not entirely clear, happen in part because of a rapid 
shift of fluid from the extravascular compartment to the 
intravascular compartment as a direct response to the hy- 
perosomotic contrast medium. The in vitro dialysis experiment 
produced a slope of 4.8 in the graph of initial volume of 
contrast vs final volume (Fig. 1). This value correlates well 
with a predicted value of 5 for diluting 1410 mOsm (Reno- 
grafin—60) to 300 mOsm (blood). A 100-mi dose of contrast 
material would therefore increase the blood volume a total of 
500 mi, including 400 mi of fluid from the extra vascular 
compartment. The resulting 10% hemodilution could account 
for a substantial portion of the decrease in potassium, cal- 
cium, bicarbonate, and phosphate. The additional decrease 
in calcium may be attributed to the chelating effect of disodium 
edetate and citrate contained in Renografin as shown by 
Berger et al. [3]. 

The rapid mobilization of extra vascular fiuid into the vas- 
cular compartment can account for changes in the protein 
and albumin and protein-bound electrolytes such as calcium 
in the serum. Bicarbonate, potassium, and phosphate remain 
low after 5 min, despite the presence of an equilibrium be- 
tween interstitial and serum fluids. We propose that two 
mechanisms exist that may account for these reductions in 
potassium, bicarbonate, and phosphate; both mechanisms 
may be operative in this instance. The rapid intravasculariza- 
tion of fluid during the first 5 min after injection may occur 
faster than the processes leading to ionic equilibration. Fur- 
thermore, the Gibbs Donnan equilibrium, which establishes 
the ionic composition and relationship between the serum 
and the interstitial fluid may be profoundly affected by the 
sodium and electrolytes in the Renografin—60 as well as its 
very high osmolarity (1400). These two phenomena, rapid 
fluid shift and Gibbs Donnan effects of Renografin, may 
account for the transient reductions in potassium, bicarbon- 
ate, and phosphate. 

We did not find the serum chemistry changes to be signifi- 
cant clinically. There were three patients in whom serum 
potassium fell below the normal range. Although an ECG was 
not performed, no apparent adverse clinical effect was seen 
during the examination. However, the alteration in potassium 
and the extended change in serum calcium may contribute to 
the cardiac arrhythmias previously reported [5], particularly 
when hypokalemia or hypocalcemia preexists. The movement 
of large fluid volumes from the extravascular to the intravas- 
cular compartment in these patients may contribute signifi- 
cantly to the systemic symptoms such as warmth, headache, 
and nausea. 

In conclusion, we have confirmed that Renografin—60 ad- 
ministered for IV urography decreases the levels of serum 
electrolytes and proteins. These changes may be important 
when electrolyte imbalances preexist. 
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MRI of the Spleen: Normal 
Appearance and Findings in 
Sickle-Cell Anemia 





The MRI appearance and characteristics of the norma! and diseased spleen were 
prospectively evaluated using spin-echo imaging with a superconducting magnet oper- 
ating at 0.35 T. Sixty normal patients and 13 patients with sickle-cell anemia involving 
the spleen were studied. The normal spleen was isointense or slightly more intense 
than liver at a repetition time of 0.5 sec. At a longer repetition time (TR 2.0 sec), the 
normal spleen was usually more intense than liver, becoming markedly hyperintense 
compared to liver on relatively T2-weighted images (TR 2.0 sec, TE 56 msec). Ail 
patients with sickle-cell anemia showed abnormally diminished signal intensity of the 
spleen. 


With increasing use of CT and sonography, there has been renewed interest in 
radiologic investigation of the spleen [1, 2]. Both these techniques can demonstrate 
focal lesions larger than 1-2 cm, but are only occasionally useful in evaluation of 
splenic abnormality due to systemic diseases. In this investigation we evaluated 
the MRI appearance of the normal spleen and the appearance of the spleen in 
patients with sickle-cell disease. 


Materials and Methods 


MR scans of the upper abdomen on 60 patients, ranging in age from 12 to 82 years, 
without known or suspected splenic disease (nearly all of these patients also had a normal 
spleen on CT or sonography) were reviewed to establish the normal MR appearance of the 
spleen. Splenic intensity was visually compared with the intensity of the liver at all pulse 
sequences. T1, T2, and intensity values of the normal spleen were determined in 20 of these 
patients. Twelve children and one adult with homozygous sickle-cell disease were also 
prospectively imaged. These patients ranged in age from 6 to 31 years. 

All patients underwent spin-echo MRI using a superconducting magnet (Diasonics) oper- 
ating at 0.35 T. imaging was generally performed at repetition times (TR) of 0.5 and 2.0 sec 
and at echo delay times (TE) of 28 and 56 msec. Two patients were imaged at TR 0.5 and 
1.0 sec, one patient was scanned at TR 2.0 sec, and one patient was imaged at TR 0.5 and 
1.5 sec. Intensity measurements of the splenic parenchyma and liver were obtained using an 
electronic cursor to define region of interest. T1 and T2 relaxation times of splenic parenchyma 
were determined from intensity images as previously described [3]. 


Results 


in 56 of the 60 patients who underwent MR scanning of the abdomen for reasons 
unrelated to the spleen, the spleen was visually isointense with the liver at TR 0.5 
sec and TE 28 msec (Fig. 1A). At TR 0.5 sec, TE 56 msec, the spleen became 
slightly more intense than liver in 28 of the patients. However, at TR 2.0 sec, TE 
28 msec, the spleen was more intense than liver in 55 of the 60 patients (Fig. 1B), 
and more intense than liver in 57 patients at TR 2.0 sec, TE 56 msec. With the 
marked increase in splenic intensity on T2-weighted sequences, the spleen often 
became imperceptible from the surrounding fat. 
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Quantitative relaxation time measurements of the spleen in 
20 patients who were scanned for reasons other than sus- 
pected splenic disease were used as normal controls. There 
was marked variation of these calculated T1 and T2 values 
with large ranges and standard deviations for the normal 
splenic parenchyma. Mean T1 was 604 msec (SD = 230) and 
mean T2 was 61 msec (SD = 19). 

Generalized diminished splenic intensity relative to liver and 
paraspinal musculature was found in the 13 sickle-cell pa- 
tients, including two who also had focal abnormalities (Figs. 
2 and 3). Calculated T1 and T2 relaxation times of the splenic 
parenchyma in these patients were shorter than values ob- 
tained in the normal spleen. Mean T1 was 422 (SD = 112), 
with a mean T2 of 52 msec (SD = 25). T1 shortening reached 
Statistical significance (p < 0.01, unpaired Student's t test), 
while T2 shortening only showed a trend toward statistical 
significance (p = 0.10). 

Since the liver is overloaded with iron in many sickle-cell 
patients, we also visually compared the intensity of the spleen 
with that of paraspinal muscle on the same TR 2.0-sec scans. 
The spleen was less intense than the muscle or equal in 
intensity to the muscle in all but one of these patients. In 
normal patients, the spleen was always found to be more 
intense than muscle at this repetition time. 
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Fig. 1.—A, T1-weighted MR image 
(TR 0.5 sec, TE 28 msec) shows the 
spleen to be isointense with liver and 
hyperintense compared with paraspinal 
musculature. B, At TR 2.0 sec, TE 28 
msec, normal spleen (S) is markedly hy- 
perintense compared with liver and mus- 
Cle. 


Fig. 2.—Multiple hyperintense splenic 
lesions (curved arrows) seen at TR 2.0 
sec, TE 28 msec in a 31-year-old black 
woman with sickle-cell anemia, consistent 
with multiple infarcts. Note abnormally di- 
minished intensity of remaining splenic 
parenchyma relative to surrounding mus- 
culature (compare Figs. 1A and 1B). 

Fig. 3.—MR image (TR 2.0 sec, TE 28 
msec) in an 11-year-old girl with sickle- 
cell anemia. Deposition of hemosiderin in 
liver and spleen has caused these organs 
to have diminished intensity (hypointense 
compared with paraspinal musculature). 


Discussion 


MRI has already proved to be extremely useful in evaluation 
of the central nervous and cardiovascular systems, and other 
extracranial applications are rapidly evolving [4-6]. Upper 
abdominal applications of MR have been slower to develop 
in part because of image degradation by cardiac, respiratory, 
and intestinal motion. Despite these difficulties, we have 
investigated the possible role of MR in splenic imaging. Our 
data show a consistent appearance of the normal spleen 
using spin-echo imaging. On T1-weighted images (TR 0.5 
sec, TE 28 msec) the spleen is essentially isointense with 
liver, whereas on T2-weighted images (TR 2.0 sec, TE 56 
msec) the normal spleen becomes hyperintense with respect 
to liver, often becoming inseparable from adjacent abdominal 
fat. These observations agree with those of Ehman et al. [7]. 
Any alteration in this relationship suggests the possibility of 
diffuse splenic disease. 

Abnormal splenic intensity was seen in all the patients with 
sickle-cell disease. In all likelinood, the changes seen in these 
cases are similar to those previously reported in hemochro- 
matosis [8], in which iron deposition results in marked short- 
ening of T1 and T2 relaxation times and diminished signal 
intensity using spin-echo imaging. In patients with homozy- 
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gous sickle-cell anemia, microscopic perivascular and paren- 
chymal calcifications are found in the splenic tissue in addition 
to iron deposition [9]. These calcifications may also contribute 
to the diminished splenic intensity. 
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Case Report 





Extramedullary Hematopoeisis in Acute Lymphocytic 
Leukemia Masquerading as Hepatic, Renal, and Splenic 
Microabscesses 


Kenyon K. Kopecky,’ Ann T. Moriarty,” Asok C. Antony,® and Martin K. Baker’ 


Although extramedullary hematopoeisis (EMH) is known to 
occur in agnogenic myeloid metaplasia with myelofibrosis, 
various anemias, and chronic myelogenous leukemia [1], it is 
rare in acute leukemia.. There are no radiographic reports of 
EMH presenting as multiple focal hepatic lesions, and CT 
findings in renal EMH have not been described. A 22-year-old 
man with acute lymphocytic leukemia developed granulocy- 
topenic fever and multiple small hepatic, renal, and splenic 
lesions on CT. Because of the radiographic appearance and 
clinical course, these were thought to represent microab- 
scesses. Liver biopsy, however, revealed EMH. 


Case Report 


A 22-year-old man presented with a 3-week history of malaise, 
sweats, chills, adenopathy, and weight loss. Physical examination 
revealed cervical and inguinal lymphadenopathy. Hemoglobin was 
8.2 g/dl; leukocyte count was 20,200/mm® with 94% lymphoblasts; 
and platelet count was 16,000/mm*. Bone-marrow biopsy confirmed 
the diagnosis of L1 acute lymphocytic leukemia. Treatment was 
started (day 1) with oncovin, adriamycin, prednisone, and methotrex- 
ate in addition to four antibiotics. Amphoterocin was added on day 
13. On day 16 an abdominal CT scan was performed because of 
fever; the scan was normal. On day 27 a repeat bone-marrow biopsy 
showed acellularity. Because of persistent fever a repeat CT scan 
(Fig. 1) was done on day 41 that showed many small lesions through- 
out the liver and kidneys and several very small (5-mm) splenic lesions. 


Received March 24, 1986; accepted after revision May 5, 1986. 


At this time the peripheral blood was beginning to recover normally: 
Hgb 9.3, WBC 13,000 with normal differential, and platelets 77,000. 


‘Because microabscesses were suspected, fine-needle aspiration bi- 


opsy of the right hepatic lobe was performed under sonographic 


guidance. Seven aspirations with a 22-gauge needle. were obtained . 


for cultures and microscopic examination. Some slides were imme- 
diately stained using a rapid Wright-Giemsa method, and others were 
alcohol-fixed and stained with Papanicolaou stain. Microscopic ex- 
amination showed scattered reactive hepatocytes and typical EMH. 
Precursors of all three blood-cell lines were present: normoblasts, 
myelocytes, and megakaryocytes. Stains and cultures for aerobic 
and anaerobic bacteria, mycobacteria, and fungi were negative. Ow- 
ing to persistent culture-negative fevers, all antimicrobial agents were 
subsequently stopped. Because the fevers subsided, it was con- 
cluded that they were probably caused by one or more of the drugs. 
A third abdominal CT scan (day 75) was normal, showing complete 
resolution of the hepatic, renal, and splenic lesions. At that time 
examinations of the peripheral blood and bone marrow were normal, 
and the patient remains in complete remission at 6 months follow-up. 


Discussion 


EMH is a compensatory mechanism that occurs when the 
marrow is unable to maintain sufficient red cell mass. It has 
been reported in agnogenic myeloid metaplasia with myelofi- 
brosis, anemias, and chronic leukemia [1]. To our knowledge 
this is the first case reported in a patient with acute leukemia. 


1 Department of Radiology, University Hospital X-64, Indiana University Medical Center, 926 W. Michigan St., Indianapolis, IN 46223. 
? Department of Pathology, Indiana University Medical Center, 926 W. Michigan St., Indianapolis, IN 46223. 
3 Department of Medicine, Indiana University Medical Center, 926 W. Michigan St., Indianapolis, IN 46223. 
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Fig. 1.—CT scan performed 6 weeks 
after start of chemotherapy, demonstrat- 
ing A, multiple small focal hepatic lesions 
and a small splenic lesion (arrow) and B, 
multiple focal renal lesions. 


Histologic examination of the liver in patients with myelofi- 
brosis or chronic myelogenous leukemia commonly reveals 
EMH [1]. Leigh et al. [2] noted hepatomegaly radiographically 
on plain films in nine of 14 patients with myelofibrosis. Radi- 
ographic findings of focal EMH have not been reported. In 
our patient the liver was studded with innumerable small (<1 
cm) lesions (Fig. 1); the overall liver size was normal. 

Renal EMH was detected by Redlin et al. [3] who reported 
five patients with agnogenic myeloid metaplasia who had 
abnormal excretory urograms showing renal enlargement and 
calyceal distortion. Our patient did not have renal enlargement 
by CT, and the very small size of the lesions (<1 cm) would 
probably not cause calyceal distortion at excretory urography, 
had it been performed. Although the kidneys were not biop- 
sied in this case, the evidence for renal EMH is very strong: 
a baseline CT of the liver and kidneys was normal; 25 days 
later CT showed many small lesions throughout the liver and 
kidneys at a time when the hypoplastic marrow was just 
beginning to recover from chemotherapy (a likely time for 
EMH to occur); the liver biopsy demonstrated EMH; 34 days 
later when the marrow and peripheral blood were normal, 
repeat CT of the liver and kidneys was normal. This resolution 
of EMH after marrow recovery was not unexpected since the 
Stimulus for EMH (marrow aplasia) was no longer present. 

The spleen is the most common site of EMH in patients 
with myelofibrosis [1]. Although the spleen was not biopsied 
in this patient, the clinical and radiographic course make 
splenic EMH likely. 
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Callen et al. [4] described the CT appearance of hepatic 
and splenic microabscesses in two patients with acute leu- 
kemia. The appearance and clinical setting were strikingly 
similar to our patient, which led to our biopsy for suspected 
infection. The therapeutic and prognostic implications of bi- 
opsy are great. Callen’s patients died with liver microab- 
scesses that grew Candida albicans, whereas our patient 
was taken off antibacterial and antifungal agents and re- 
covered. 

Because patients with acute leukemia are immunosup- 
pressed and frequently febrile, abdominal CT scans are com- 
monly requested to exclude abscess. Multiple focal hepatic, 
renal, or splenic lesions could be due to either abscesses or 
EMH. The diagnosis can be established by fine-needle aspi- 
ration biopsy with cytologic and microbiologic examinations. 
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Technical Note 





The Value of a Worksheet in Reporting Body-CT 


Examinations 


Richard E. Kinard,’ William W. Orrison,? and Byron G. Brogdon® 


A body-CT worksheet was originally designed to provide 
consistent reporting of CT examinations, to serve as a prelim- 
inary report, and to be used as a computer interface. From 
this study the worksheet also appears to improve diagnostic 
accuracy when routinely used in interpreting body-CT scans. 


Materials and Methods 


During a 6-month period one of the authors reviewed 200 consec- 
utive abdominal or abdominal/pelvic CT examinations using the work- 
sheet shown in Table 1. All examinations had been performed on a 
GE 8800 CT/T scanner (Milwaukee, WI) with dynamic scanning 
capabilities. Oral and IV contrast media were administered in most 
cases. All had previously been interpreted and reported by one of 
eight other board-certified radiologists. Two of these individuals had 
had fellowship training in body CT and the other six had had more 
practical CT experience than the reviewer at the time of the study. 

The retrospective reviews were carried out within 2 weeks of the 
first interpretation and report. The reviewer had access to the same 
Clinical information that the original radiologists had, but he did not 
have the original reports. 

The reviewer meticulously followed the worksheet, checking every 
item as either normal or abnormal and concisely describing each 
abnormality. These results then were compared with the original 
reports. Only positive findings of possible clinical significance in terms 
of diagnosis, treatment, or follow-up were considered. 


Results 


In the 200 examinations that were reviewed using the 
worksheet, 22 additional significant abnormal findings (true 


positives) were discovered. Those findings did not represent 
failures to interpret a perceived finding as abnormal: rather, 
they were errors of oversight (false negatives) on the first 
interpretations. The errors were distributed evenly among the 
eight original radiologists. Thus, use of the worksheet in- 
creased the number of significant findings in approximately 
10% of cases. A list of the overlooked abnormalities and their 
frequency is presented in Table 2. Adrenal masses and spinal 
metastases were the lesions most often missed on the inter- 
pretations unaided by the worksheet. 


Discussion 


Although much has been written about observer error and 
quality control in radiology [1, 2], little attention has been paid 
to these problems in relation to body CT. Routine abdominal 
or pelvic CT images display an enormous amount of infor- 
mation regarding abdominal viscera, fascial planes, muscles 
and bones, and vascular structures in every anatomic section. 
Although an orderly system for studying each scan is essential 
for proper interpretation [3, 4], until now, a framework for 
such a system has not been devised. The body-CT worksheet 
used in this study (Table 1) was designed to ensure a section- 
by-section, organ-by-organ, structure-by-structure approach 
to the evaluation of these complex images. The idea of a 
worksheet is not new, but to our knowledge no such method 
has been applied to the area of routine abdominal-pelvic 
imaging [5, 6]. Improvement in diagnostic performance with 
use of the body-CT worksheet can be explained in part by 
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TABLE 1: Body CT Worksheet 





Patient name Hospital —____ 
Date. ee 
Age ——___— Sex 
History 
Type of Scan 
___— Quality 
Extraabdominal—Heart 
Lungs 
Bones 
Soft Tissues 
Liver—-Parenchyma 
Biliary system 
Adjacent fluid 
Spleen 


Pancreas—Size, mass 
duct, calcification 
Adrenals—Right 
Left 
Kidneys—Right 
Left 


Ureters 
Pararenal space 
Retroperitoneum—Aorta 
Inferior vena cava 
Nodes 
Psoas muscles 
Gl tract and peritoneal cavity 
Pelvis-—Male: Bladder 
Seminal vesicles 
Prostate 
Nodes 
Inguinal 
Female: Bladder 
Uterus and adnexa 
Nodes 
inguinal 
Conclusion 





TABLE 2: Additional Lesions Detected upon Review with the 
Body-CT Worksheet 


Number 





Findings 


Adrenal masses 

Spinal metastases 

Pelvic masses 

Fluid collections 

Low mediastinal node 

Inguinal hernia 

Liver hypodense mass 

Renal calcification 

Renal cyst 

Gallstone 

Biliary duct dilatation 
Total 


Mla a a aN ONO 





extrapolation of studies of factors related to perception of 
pulmonary lesions on chest radiographs. The step-by-step 
completion of the worksheet forces the observer into a series 
of directed or focused-search sequences; this system has 
been shown to have advantages over the free-search method 
of diagnostic observation [7], although these benefits may be 
dependent on specific tasks or experimental design [8, 9]. 
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Use of the worksheet helps to safeguard against one of the 
major hazards of both the free-search and the directed-search 
when the “direction” is by a specific clinical diagnosis— 
namely, that a search will be prematurely terminated because 
a significant signal or finding has been detected. The work- 
sheet requires evaluation of all available imaged information, 
thereby guarding against defective search patterns due to 
misinterpretation or distraction. 

Hillard et al. [10] suggested that experienced radiologists 
develop a visual representation (“mind's-eye view”) of a pro- 
totypical radiograph (a “schema’), which aids them in inter- 
preting chest films. Since it would be considerably more 
difficult to develop such a schema for a multilevel body-CT 
examination, use of the worksheet also guards against blind 
spots in the observer's prototypical memory pattern. Addi- 
tionally, regular and routine use of the worksheet during 
training periods and in clinical practice should improve and 
expedite the observer’s acquisition of body-CT schemata. 

The body-CT worksheet has other practical applications 
beyond its principal use as an aid to observer performance. 
When a copy of the worksheet is attached to the multiviewer 
or inserted in the film jacket, it provides the clinician with a 
convenient and helpful means of systematically reviewing the 
pertinent findings. 

Further, the format of the worksheet is such that informa- 
tion can be easily dictated or interfaced with computerized 
reporting systems [11, 12] and computer-data retrieval sys- 
tems. 
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Early American Radiology: The Pioneer Years 


David J. DiSantis' 


Very few American radiologists have a more-than-cursory 
idea of our specialty’s beginning in the 19th century. Roent- 
gen’s story is widely known, but the Americans who helped 
lay radiology’s foundations in our country remain essentially 
anonymous, especially to younger members of our profes- 
sion. This paper chronicles the landmark years of early Amer- 
ican radiology. 

Can American radiology really have celebrated its 96th 
anniversary when X-rays are only 90 years old? The 
saga begins one evening in late February 1890, in a University 
of Pennsylvania physics laboratory. After an experimental 
session testing electric sparks as a photographic light source, 
Professor Arthur Willis Goodspeed began demonstrating the 
properties of a Crookes cathode-ray tube to William Jennings, 
a photographer. Next to the tube, Jennings had stacked 
several unexposed photographic plates, on top of which were 
two coins, reportedly his fare for the Woodland Avenue trolley 
[1]. When Jennings later developed the plates, some were 
mysteriously fogged, and one displayed two peculiar disk- 
shaped shadows (Fig. 1). Neither man could explain the 
phenomenon, and so the plates were filed and forgotten for 
nearly 6 years. Only after Roentgen’s discovery did the men 
recreate the setting of that February night and grasp the 
magnitude of the observation that they had failed to make. 
Although he claimed “no credit for the interesting accident,” 
Goodspeed maintained that “without doubt, the first Roent- 
gen picture was produced on February 22, 1890 . . . [at] the 
University of Pennsylvania’ [2]. 

The scientific furor engendered by Roentgen’s announce- 
ment can hardly be overestimated. In the ensuing year, 1000 
papers dealing with X-rays appeared [1]. America’s true 
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introduction to radiography came in early 1896. As is often 
the case even now, news of a scientific breakthrough arrived 
first through the lay press (Fig. 2). On January 6, 1896, the 
Sunday New York Sun announced that Professor Routgen 
[sic] had discovered “the light that never was,” which could 
photograph hidden things including bones within flesh. The 
“Roentgen fever” in the European scientific community quickly 
became an American epidemic as well. 

Although the race for the first American radiograph had 
been won inadvertently by Goodspeed even before the start- 
ing gun, the contest for the first intentional radiograph was 
still on. Arthur Wright of the Yale Physics Department won, 
literally with a photo finish. On January 27, 1896, 80 days 
after the discovery of X-rays, he placed cardboard-covered 
photographic paper beneath a cathode-ray tube. On the paper 
he placed a pencil, a pair of scissors, and a quarter. Using a 
lengthy exposure time of 15 minutes, he obtained “a very 
clear representation of the objects employed” [3]. Modern 
publication delays were not such a problem in 1896: His 
success was reported in the Engineering and Mining Journal 
dated February 1, only 4 days after the event [2]. Meanwhile, 
in Boston, John Trowbridge, director of Harvard’s Jefferson 
Physical Laboratory, was working toward the same end. He 
detailed his success in the New York Journal dated February 
2, appearing just 1 day after Wright’s report. 

While Yale and Harvard vied for priority in the laboratory, 
another Ivy League institution, Dartmouth, was making clinical 
history. Edwin Brant Frost, a professor of astronomy, was 
familiar with cathode-ray tubes, and he was asked by his 
physician brother, G. D. Frost, to radiograph the fractured 
forearm of one of his patients (Fig. 3). So, on February 3, 
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Fig. 1.—Goodspeed-Jennings “trolley fare” radiograph of 1890. Arrows point toward 


presumed coin shadows. (Modified from Grigg [1].) 





Fig. 3.—First clinical radiograph in America, Dartmouth, 1896. Edwin Brant 
Frost is on the left (from Brecher and Brecher [2)). 


1896, Eddy McCarthy's left forearm was exposed to the tube 
for 20 min. His Colles’ fracture thus became the first clinical 
radiograph in America [1]. 

Later that same landmark month, X-ray pioneer Michael 
Idvorsky Pupin publicized another milestone. A patient named 
Prescott Butler had been sent to him with painful shot pellets 
lodged in his hand. Pupin was asked to make an “X-ray 
photograph” before surgery, which he did on February 18, 
1896. However, his method had a key difference. Rather than 
exposing the plate using the X-rays themselves, he placed a 
fluorescent screen between subject and plate and used its 
light to make the exposure. While controversy exists regard- 
ing Pupin’s claim as discoverer of image intensification [2], 
the clarity of the radiograph produced only 3 months after 
Roentgen’s discovery is incontrovertible (Fig. 4). 
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THE LIGHT THAT NEVER WAS, 





Special to The. Post-Diupatch. : 

NEW YORK, Jan. 7.—A cablegiem to the 
Sun from London says: The noise of war's 
alarms should nót detract attention. from 
the marvelous triumph of science which is 


hag saa from Vienna. It is announced 
. | that Prof. Routgen of the Wurzburg Uni- 
-iie pa has discovered a light which, for 


the se =p hotography, wi!) penetrate 

wood, dosh ‘and most other organic sub- 

seor has succeeded in 

photographing -m weights which were 

S a ‘wooden case; also a, man’s 

hand, vahich shows only the bones, the 
flesh Being invisible. 





Fig. 2.—America learns of “Routgen’s” rays. Reprinted from 
microfilm record of the St. Louis Post Dispatch, January 7, 1896. 


In his 1930 autobiography, Pupin claimed to have received 
his fluorescent screen from famed inventor Thomas Edison, 
who had begun investigations with X-rays quite early, in 
January 1896. His role became much more conspicuous, 
however, after he received a telegram on February 5, 1896. 
William Randolph Hearst, publisher of the New York Journal, 
asked Edison if he would ... as an especial favor to the 
journal, undertake to make a cathodograph of a human brain” 
[2]. Edison accepted Hearst’s challenge and on February 7, 
the New York Times announced that “tomorrow morning Mr. 
Edison will attempt further to demonstrate the penetrating 
powers of the new light by an experiment in photographing a 
man’s brain.” Reporters flocked to the West Orange, New 
Jersey, laboratory. After several delays, the much-touted 
experiment took place on February 12, 1896. After exposing 
his assistant’s head to the tube for an amazing 1 hr, Edison’s 
result was only a “curvilinear murkiness.” The chagrined 
inventor explained in the February 14th New York Daily Trib- 
une that he was skeptical of his brain experiments reaching 
any results “as the bony structure of the cranium would offer 
insuperable obstacles” [2]. Even Mr. Edison did not foresee 
on 

Despite the theatric air, Edison's laboratory made signifi- 
cant advances. The chief contribution probably was its dis- 
covery of an improved fluorescent source to supplant the 
barium platinocyanide used since Roentgen. After testing up 
to 8000 substances [1], Edison announced in a cable to Lord 
Kelvin that calcium tungstate fluoresced most brightly in 
response to X-rays. This discovery by Edison the scientist 
sparked Edison the entrepreneur. While fluorescent screens 
had been described previously, Edison used the brighter 
calcium tungstate for his screens; he shaped the viewer like 
the recreational stereoscopes of the day. Thus, in March 
1896, the Edison Vitascope was available to the public for 
home fluoroscopy [2] (Fig. 5). Edison advocated fluoroscopy 
over photographic plates, presumably in hope of spurring 
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Fig. 4.—Pupin’s February 1896, image-intensified radi- 
ograph. Note easily visible shot pellets (some highlighted 
by arrowheads) and the excellent bone detail. (Modified 
from Brecher and Brecher [2].) 


fluoroscope sales [1]. In the same year, the Edison Decorative 
and Miniature Lamp Department, a division of the General 
Electric Company, began manufacture of the Edison Roent- 
gen Ray Apparatus, with equipment for both fluoroscopy and 
photographic plates. General Electric thus has the distinction 
of being the oldest X-ray manufacturer in the United States. 

Unshielded X-ray tubes and unshielded operators were the 
rule in 1896, with predictable results. Beginning in March, 
sporadic mention of injury associated with X-rays appeared 
in the literature. Early reports described a burnlike dermatitis, 
often with ulceration. Scientific thinking was sharply divided 
regarding the source of the injurious effects, however. One 
noteworthy theory was expounded by X-ray tube maker, G. 
A. Frei, of Boston. In December 1896, he declared that skin 
damage was “not caused by the action of the X-rays in any 
way. He ascribed the burns instead to the type of electrical 
apparatus used to power the tube. In his communication 
definitively titled “X-Rays harmless with the static machine” 
[4], Frei proclaimed that “ ... whatever ill effects we get on 
our skin are caused only when we use induction coils ... , 
while no such effects are perceived when we employ the 
static machine.” Interestingly, Frei manufactured static ma- 
chines. No such potential impediment to objectivity affected 
famed investigator Nikola Tesla, however, when he, too, 
asserted in late 1896 that local electrical effects occurring in 
proximity to a working X-ray tube caused the skin damage. 
“As to the hurtful actions of the skin ...,” he stated, “they 
are not due to the Roentgen rays but merely to the ozone 
generated in contact with skin” [2]. 


Fig. 5.—The Edison Vitascope, March 1896. X-ray tube (arrow); fluorescent screen (arrowhead). 
(Modified from Brecher and Brecher [2].) 


With such influential voices proclaiming X-rays harmless, 
the investigators who continued to warn of potential hazard 
deserve credit. Elinu Thomson of the General Electric Com- 
pany, in November 1896, detailed an experiment in which he 
incurred a severe burn after deliberately exposing the little 
finger of his left hand for Y2 hr to an X-ray tube powered by a 
Static machine [5]. Frei’s contention that X-rays from such an 
apparatus were harmless was thus discounted. 

Boston physician and dentist William Herbert Rollins, in the 
ominously titled work “X-light kills” [6], demonstrated that a 
guinea pig in a closed, electrically insulated box could be 
killed by X-rays. This not only cast doubt on Tesla’s dictum, 
but also stressed a previously little-appreciated caveat: Be- 
cause the guinea pig died with no visible burns, lack of skin 
damage did not indicate that a given level of X-ray exposure 
was safe [2]. These conclusions were strongly reinforced on 
both sides of the Atlantic by a 1916 paper [7] in the Italian 
literature with the rather melodramatic title of “Autopsy of a 
radiologist.” It detailed the demise of Doctor Emilio Tiraboschi, 
who had practiced radiology for 14 years without protection. 
The autopsy showed profound aplastic anemia, and probably 
equally alarming to the radiologists of the day, both testes 
were “shrunk to the size of filbert nuts.” William Rollins’ 
“X-light axioms” were proving true: The smallest possible 
beam should strike the patient, and no rays should strike the 
observer [7]. 

These revelations came too late, however. The first Amer- 
ican casualty was Clarence Madison Dally (Fig. 6), a glass- 
work artisan employed by Thomas Edison. Edison had de- 
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Fig. 6.—First American X-ray casualty. Clarence Madison Dally (arrow) 
undergoes fluoroscopy by Thomas Edison. (Modified from Brown [8].) 


vised a project for a new means of illumination, using an 
X-ray tube coated with fluorescent calcium tungstate (Fig. 7). 
Dally used his glassblowing skills in forming these tubes, and 
he performed the preliminary testing in the standard 1896 
fashion of placing his hand in the beam. By late that year his 
hands had been so badly burned that his physician urged him 
to stop his work. Amazingly, he continued. Speaking of Dally’s 
affliction, Edison commented with pragmatic understatement, 
“ _. | started to make a number of these lamps, but | soon 
found that the rays had affected poisonously my assistant, 
Mr. Dally, so that . . . his flesh commenced to ulcerate. | then 
concluded that it would not be a very popular kind of light, so 
| dropped it ...” [8]. That decision came too late for Dally, 
however, who died in 1904 of metastatic squamous carci- 
noma after 144 failed skin grafts and bilateral arm amputations 
[8]. In addition to Dally, Percy Brown lists 26 Americans who 
died as a result of their pioneering work with X-rays. 

The eclectic group presented here, culled from such diverse 
fields as photography, physics, and medicine, provides a mere 
sampling of the people important in our specialty’s fledgling 
years. With the advent of the Coolidge hot cathode-ray tube 
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Fig. 7,—Thomas Edison photographed with his X-ray tube fluorescent lamp 
(arrow). (Modified from Brown [8].) 


in 1912, the “gas tube era” came to a close. Taking into 
account their equipment, which was inefficient, dangerous, 
and impossible to calibrate, the level of advances achieved 
by these pioneers remains a tribute to their ingenuity, dili- 
gence, and selflessness. 
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Commentary 





Should We X-Ray Halloween Candy? 


Jerry Calvanese' 


Each Halloween, adulterated food is discovered in chil- 
dren’s trick-or-treat bags. in order to lessen the risk of such 
poisoning, schools, neighborhoods, and organizations spon- 
sor Halloween parties as an alternative to trick-or-treating. 
For the same purpose, the X-raying of Halloween candy has 
been started in many hospitals in recent years, with the costs 
of such screening considered justified by the decreased risk 
of injury to children and the enhanced public image of the 
participating hospitals. Furthermore, the competitive atmos- 
phere in which many hospitals now operate forces some 
hospitals to offer the screening program even though their 
staffs doubt its effectiveness. Because there are no published 
studies on the costs and effectiveness of X-raying Halloween 
candy, | gathered such data from three local hospitals in the 
Reno-Sparks area and 18 outlying hospitals in the referral 
area of northern Nevada and in the mountain area of northern 
California for 1985. 

The well-intentioned program of X-raying Halloween candy 
is costly: The annual expenses just to the three local hospitals 
in the Reno-Sparks area was $1625.62. The price to X-ray 
each bag (including calculated salary for volunteer time, when 
applicable) ranged from $2.01 to $5.23 (average, $3.38). The 
potential annual national costs are staggering; approximately 
6900 hospitals nationally are capable of offering this service 
for an estimated 48 million children below the age of 14 [1, 
2]. On the basis of our total regional population statistics, the 
nation could be spending as much as $0.8-1.4 million to 
screen Halloween candy [3, 4]. 

Radiographic screening of Halloween candy is not effective. 
Of the 394 X-rays taken in the three local hospitals and the 
669 taken in the 18 outlying hospitals, no films were positive 
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for hidden radiopaque foreign bodies. Also, no positive find- 
ings were found when approximately the same number of 
X-rays of Halloween candy were done at these same hospitals 
1 year earlier. The screening procedures do not ensure that 
the X-rayed candy is safe to eat. X-raying excludes neither 
potential toxins nor radiolucent foreign bodies. In fact, radi- 
ographs. are not reliable in excluding the presence of gastroin- 
testinal foreign bodies. A study by Bender and Anderson [5] 


_ revealed radiographic documentation of foreign bodies in only 


62% of 125 pediatric cases of foreign-body ingestions. In 
another study [6] involving 2394 ingested foreign bodies, the 
radiographic documentation rate was only 14%. 

Not only is X-raying of Halloween candy costly and ineffec- 
tive, it also creates several problems. Children taking their 
candy to the hospital on Halloween night risk involvement in 
traffic accidents. The Reno and Sparks police departments 
reported 13 drunk-driving arrests on Halloween, almost 2% 
times the normal number of arrests for driving-under-the- 
influence. Also, the implication that X-rayed candy is “safe,” 
when toxins.or radiolucent foreign bodies may still be present, 
carries potential liability for the hospital, the X-ray technician, 
and the physician who interprets the films. Finally, additional 
drawbacks and risks arise from crowds composed mostly of 
children in the Radiology Department and Emergency Room 
and from disruption of vital hospital functions. 

The arguments for stopping the X-ray screening of Hallow- 
een candy appear overwhelming. The first step is to educate 
the decision makers in hospitals so they can see that ending 
the radiographic screening program is a logical, cost-effective 
move. Then, in order to minimize the public relations damage 
that might ensue, the staffs of all competing hospitals should 
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also agree to stop the screening and to use some of the 
money saved for public education. The public relations de- 
partments of these hospitals may start a media campaign that 
explains the costliness and ineffectiveness of X-ray screening. 
Such a campaign might emphasize that X-raying candy is no 
guarantee against contamination and that the “free” X-rays 
involve health-care costs shared by all. 

Most importantly, parents must be informed that their own 
inspection of Halloween candy is the best guarantee of safety. 
All four cases of adulterated candy reported in our community 
over the last 2 years were detected by inspection alone. 
Parents should be educated to the simple methods of inspec- 
tion that can decrease the chances of their children eating 
adulterated candy: (1) Examine candy wrappers carefully; (2) 
Discard any candy with wrappers that have puncture holes 
or tears, as well as any candy with signs of being unwrapped, 
faded wrappers, discoloration, or any other possible signs of 
tampering; (3) Discard unwrapped candy and candy from 
unknown manufacturers or sources; (4) Discard home- 
wrapped “goodie” bags from unknown sources that contain, 
for example, popcorn, cookies, or cupcakes; (5) Inspect fruits 
for punctures and discard any from unknown sources, be- 
cause these can be contaminated with a toxin without visible 
evidence of tampering; (6) Limit the trick-or-treating area 
covered, especially in unfamiliar neighborhoods, and encour- 
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age, instead, attendance at parties given by friends or organ- 
izations. 

| hope that hospital administrators and the communities 
they serve can be convinced that the well-intentioned program 
of X-raying Halloween candy should be stopped. if the public 
is properly educated, much money and staff time can be 
saved without risk to the safety of the children or to the public 
image of hospitals. 


REFERENCES 


1. U.S. Census Bureau. Estimate of population of the United states 
by age, sex, and race, 1980-84, current population reports 
(series P-25, No. 965). Washington, DC: U. S. Government 
Printing Office, March 1985 

2. American Hospital Association guide to the health care field. 
Chicago: American Hospital Association, 1984 

3. Population estimates of California cities and counties, January 1, 
1984 to January 1, 1985 (report 85 E-1). Sacramento, CA: 
California Department of Finance, May 1985 

4. Population of Nevada's counties and incorporated cities, 1980 
actual, 1981 through 1985, official state estimates. Carson City, 
NV: Nevada State Office of Community Services, January 1985 

5. Bender L, Anderson WA. Pediatric gastrointestinal foreign body 
ingestions. Ann Emerg Med Feb. 1984,13:112-117 

6. Nandi P, Ong GB. Foreign body in the esophagus: review of 
2394 cases. Br J Surg 1978;65:5-9 


856 





Editorial 


The Diffusion of MRI in the United States: What is Fact and 


What Is Speculation 


Ronald G. Evens' 


The article by Steinberg in the September issue of the AJR 
[1] is the third report in this journal during the last year on the 
distribution of MRI equipment. In August 1985, Evens et al. 
[2] reported on data obtained by survey directly from 47 of 
72 MRI installations operational in October 1984; Hillman and 
Schwartz [3] reported in May 1986 on data obtained by 
telephone directly from 151 MRI installations operational in 
May 1985; and Steinberg [1] reports data obtained from 
manufacturers on 371 MRI units assumed to be operational 
in December 1985. 

Each report confirms the results of the others. The number 
of MRI installations in the United States is growing rapidly, 
yet the growth curve lags behind that of CT at a comparable 
time after the introduction of the new technology. Nearly haif 
of the installed MRI units are not in hospitals, “larger” magnets 
(=0.5 T) are more popular, and a large portion are owned by 
physicians. Steinberg [1] reports that the 371 MRI units in 
the United States are 72% of the estimated 511 worldwide 
units, and that manufacturers anticipate a continued rapid 
growth. Steinberg lists 15 manufacturers of MRI equipment, 
and | know of two additional companies that believe they 
should be included in the list. The three reports vary with time 
(installation dates from October 1984 through December 
1985) and data-collection method (from the user by written 
survey, the user by telephone, and manufacturers), yet the 
data are consistent. 

Analysis and discussion resulting from the data are more 
interesting and controversial. Is the diffusion of MRI in the 
United States appropriate? While there. is no doubt that the 
installation of MRI units is moving quickly, the determination 
of “appropriateness” depends on the bias of the evaluator. | 


suggest that the diffusion curve for MRI is no different from 
that of any new technology in science, business, or medicine. 
There is always an “S-shaped” curve with useful technology, 
and the important questions are the magnitude and time scale 
of the curve. Similar curves describe the installation and 
diffusion of CT, image intensifiers, NMR spectrometers, word 
processors, electronic copiers, and so forth. With any tech- 
nology, including MRI, the dimensions of the curve depend 
upon the consumers’ analysis of the advantages in the new 
technology, its cost, and the ability of the suppliers to get the 
product to market. 

Why is the curve for MRI lower than for CT? The analysis 
of this question in the three AJA papers is influenced by the 
interests of the authors. Hillman and Schwartz [3] and Stein- 
berg [1] emphasize the importance of health-policy issues 
(e.g., prospective payment, certificate of need, Medicare pay- 
ment approval), while Evens et al. [2] suggest that the impor- 
tant issues are related to medical and radiologic practice. MRI 
has important diagnostic utility, but CT is readily available and 
has excellent diagnostic efficacy in most organ systems, 
making it difficult for MRI to demonstrate that its diagnostic 
supremacy is worth a considerable added cost. All authors 
agree that the current concern about medical costs is a major 
factor preventing a more rapid diffusion of MRI. If MRI cost 
half as much to the radiologist and half as much to the patient, 
if MRI had no installation problems, and if CT weren’t avail- 
able, then the MRI diffusion rate would be spectacular. But 
wishes are not reality. 

What is the future of the MRI diffusion curve? How high 
will it go and when will it plateau? These questions are 
important to many, including manufacturers, health-care plan- 
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ners, and radiologists. The parameters for the dynamics of 
this curve include many unknowns. Does MR spectroscopy 
have clinical importance? Can MRI units be installed in hos- 
pital and acute-care locations with new technology for shieid- 
ing? Will the operational and capital costs stay at current 
levels? Will the current proposed advantages of MRI (e.g., 
direct sagittal and coronal imaging) be matched by new 
developments in CT? Are there useful, organ-specific MR 
contrast agents? Until some of these questions are answered, 
no one can predict the total number of MRI units or when 
they will be in operation. 

How important is economics to the owner/operator? Free- 
Standing or mobile units account for approximately 50% of all 
operational units. Economic risk is always accepted by the 
owner of new technology and traditionally, with radiology 
equipment, has first been accepted by a hospital or other 
large medical institutions. A large medicel institution has many 
reasons to accept economic risk with a new technology. In 
addition to making a profit from the new technology, it can 
make a profit with increased activity in other cost centers 
(i.e., a “loss leader”) or justify an economic loss for noneco- 
nomic reasons (i.e., prestige, research, teaching). The highest 
priority of the noninstitutional owner/operator will be making 
a profit, and economic factors should be of great importance. 
Only one of the papers [2] reports economic data and de- 
scribes MRI operations in 1984 as a risky business because 
of low procedure-volume and poor third-party reimbursement. 
Future studies with economic data will be of interest. 
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The paper by Steinberg [1] identifies two bits of information 
worth watching. In 1986, he reports on 15 (or more) manu- 
facturers of MRI equipment, more than double the seven 
manufacturers identified in 1984. If CT is a model, less than 
10 manufacturers will survive, and the battles for market 
share will be fierce. Steinberg also reports that more than 
70% of MRI units now installed are in the United States. The 
U. S. market is approximately 50% of the world radiology 
market. Either we are buying fast or the rest of the world is 
buying slow; | bet on the former. 

Technology-watching will be increasingly important be- 
cause of continued concerns about costs and distribution of 
expensive resources. Data collection and analyses from care- 
ful scientific studies should be subjected to peer and editorial 
review in the AJR and other journals so that we will have a 
better idea about what is known and what is speculation. 
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Quadriplegia in Diffuse Idiopathic Skeletal 
Hyperostosis After Minor Trauma 


We would like to report two patients with diffuse idiopathic skeletal 
hyperostosis (DISH), both of whom developed severe neurologic 
deficits after minor trauma. 

The first patient was a 44-year-old man who suffered “backstrain” 
at work. He subsequently noted pain and decreased sensation in his 
extremities and difficulty walking. Physical examination disclosed 
myelopathy with weakness in both upper extremities and diminished 
sensation in all extremities. Plain-film examination (Fig. 1A) showed 
thick, rodlike ossification of the posterior longitudinal ligament. Metri- 
zamide CT examination (Fig. 1B) clearly demonstrated the ossified 
posterior longitudinal ligament, which caused significant narrowing of 
the vertebral canal and compression of the spinal cord. Lateral view 
of the thoracic spine showed ossification of the anterior longitudinal 
ligament and vertebral bridging with normal disc spaces, fulfilling the 
criteria for DISH [1]. 

The second patient was a 30-year-old, severely retarded man who 
fell during a seizure, striking his chin on the floor. Initial examination 
disclosed weakness of the upper extremities and absence of move- 
ment of the lower extremities. The patient became totally quadriplegic 
over the next 2 days with subsequent respiratory arrest. Plain-film 
examination of the cervical spine (Fig. 2) showed ossification of the 
anterior longitudinal ligament from C3 to C6 with a fracture of the 
ossified ligament at C5-C6 and a fracture through the upper C6 
body. The C5-C6 disc space and facet joints were disrupted. An 
earlier radiograph of the cervical spine showed a dense bony bridge 
between C5 and C6. On neither cervical spine film were there 





syndesmophytes to suggest anklyosing spondylitis. The rest of the 
spine and sacroiliac joints were normal. Postmortem examination of 
the cervical cord showed contusion and ascending necrosis. 

DISH is an ossifying diathesis, characterized by bony proliferation 
of spinal and extraspinal structures, Particularly of the spinous liga- 
ments [1, 2]. Patients with DISH are often asymptomatic [3], but the 
condition is not innocuous. Thickening and ossification of posterior 
longitudinal ligament in DISH can narrow the vertebral canal and 
progressively compress the spinal cord [4]. This was the situation 
with the first patient, who was in seemingly good health until the time 
of his back strain. The neurologic deficits after this incident were 
probably the result of further insult to an already compromised, 
compressed spinal cord. 

The second patient illustrates another complication of injury in 
DISH. Ossification of the anterior longitudinal ligament causes rigidity 
of the spine. The spine is not able to bend in response to a blow to 
the head or neck, and the blow effectively becomes concentrated at 
one point, resulting in complete fracture of the spine at that level with 
potentially catastrophic consequences to the spinal cord. This pos- 
tulated mechanism of injury in DISH [5] is similar to that in ankylosing 
spondylitis [6]. 

Patients with DISH should be particularly careful to avoid situations 
that may cause back strain or injury. 


Rauf Yagan 

Nathaniel Karlins 

Case Western Reserve University 
Cleveland Metropolitan General Hospital 
Cleveland, OH 44190 


Fig. 1.—A, Lateral view of cervical spine shows 
rodlike ossification of posterior longitudinal ligament 
(arrows). 

B, Metrizamide CT scan of cervical spine shows a 
thickened, ossified posterior longitudinal ligament (ar- 
row). The cord is compressed and displaced to the 
right. 


Fig. 2.—Lateral view of cervical spine shows ossifi- 
cation of anterior longitudinal ligament from C3 to C6, 
and fracture of ossified anterior longitudinal ligament at 
C5-C6. Also note fracture of upper C6 vertebral body. 
There is disruption of C5-C6 facets (arrow). 
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Splenic Hydatid Cyst Opening to: 


In the September 1985 issue of the AJR Beggs [1] presents an 
interesting review of the most common locations of echinococcosis. 
Hydatid disease is endemic in Spain. Its high frequency offers us the 
opportunity to find hydatid cysts in unusual places with peculiar 
radiologic manifestations. We recently studied a case of splenic 
hydatid cyst opening to the colon. 

A 65-year-old woman was admitted to our hospital with a 4-day 
history of fever (39°C), pain in the left hypochondrium, and watery 
diarrhea. Four years before she had had surgery for a hepatic hydatid 
cyst. Her physical examination disclosed a tender mass in the left 
hypochondrium. 

The chest radiograph revealed an elevated left hemidiaphragm. On 
the plain film of the abdomen, extraluminal gas could be seen on the 
left hypochondrium (Fig. 1). A sonographic examination of the abdo- 
men demonstrated a complex mass underneath the left diaphragm. 





Fig. 1.—Plain film of abdomen shows extraluminal gas on 
left upper quadrant. 
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The upper gastrointestinal series showed a shift of the stomach to 
the right, without wall lesions. A barium enema revealed the presence 
of a fistula between the splenic flexure of the colon and a large cavity 
in the spleen with multiple radiolucent defects (Fig. 2). 

The surgical excision revealed a big hydatid cyst in the spleen 
opening into the colon. The cyst was filled with daughter cysts and 
feces. Splenectomy and colostomy were performed. 

Splenic echinococcosis occurs in about 2 to 3% of hydatid disease 
[2]. Rupture into the gastrointestinal tract occurs in no more than 
0.5% of hydatid cysts of any location [3]. On the plain film of the 
abdomen a soft-tissue mass displacing adjacent structures may be 
seen in the left hypochondrium. If the cyst is perforated into the 
colon, extraluminal gas may be found. This can occur also with 
abdominal abscesses, making the differential diagnosis difficult. The 
sonogram performed on our patient showed a tender mass similar to 
that described for hepatic echinococcus cysts. Initially, a primary 
tumor of the gastrointestinal tract was suspected. The upper gas- 
trointestinal series demonstrated a normal stomach, and the barium 
enema revealed contrast material flowing from the splenic colonic 
flexure into a large cyst filled with multiple daughter cysts with the 
typical appearance of “a bunch of grapes.” 

Despite the great number of reports about echinococcosis that 
have been published in Spain, we have not been able to find a case 
of splenic hydatid cyst rupture into the colon that had such a radiologic 
appearance. 

P. Caballero 
E. Ocon 
A. G. Robledo 
F. J. Diáz 
Universidad Autonoma 
Madrid, Spain 28043 
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Fig. 2.—Barium enema shows fistula 
between splenic flexure and a large cavity 
in spleen. Multiple radiolucent defects are 
daughter cysts and feces. 
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from Iran and a review of 611 cases from the United States. AJR 
1967;99: 660-667 

3. Kourias B. Complications principales des kystes hydatiques du 
foie. Leur thérapeutique actuelle. J Chir (Paris) 1967;94:35-52 


Reply 


Caballero et al. describe an unusual case of hydatid disease. The 
sonographic examination of their case is not illustrated but is reported 
to be similar to that of hepatic echinococcosis. The barium enema is 
typical of a complicated hydatid cyst shown by contrast examination 
wherever the site (Flg. 1). The daughter cysts appear as multiple 
round or oval filling defects within the parent cyst on contrast studies 
and as similarly shaped masses of about water density on CT 
examination. 

The parasite behaves in different ways in different organs but in 
extraskeletal sites the similarities are striking (Fig. 2) and apparent 
differences in appearance are often related more to the imaging 
method required to demonstrate the parasite than to differences in 
morphology. | should, perhaps, have made this point more clearly in 
my article and am grateful for the opportunity to do so now. 


lan Beggs 

Royal Infirmary 
Edinburgh EH3 9YW 
United Kingdom 


Mammography and Grids 


Sickles and Weber [1] found that the use of grids improved the 
image quality in approximately 60% of film-screen mammograms. 
However, despite the use of slightly faster film and an increase in 
kilovoltage, the use of a grid resulted in a 70% increase in radiation 
from 0.10 to 0.17 rads (cGy) per exposure. In order to maximize 
information while minimizing radiation, these authors recommend that 
mammography be performed with “an initial exposure using nongrid 
rather than grid technique, unless the technologist cannot achieve a 
compressed breast thickness of 6 cm or less. Then, switch to grid 
technique only if the initial film shows more than 50% dense fibro- 
glandular tissue.” 

With the protocol recommended by the authors, 92% of patients 
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would have undergone an initial nongrid mammogram and a total of 
37% would have eventually undergone grid mammography. Seventy- 
eight percent of women selected for grid mammography would have 
had the image quality of their examination improved by its use. 
However, 43% of those women not selected for grid mammography 
also would have had image quality improved by the use of grids. The 
protocol necessitates keeping track of two different mammographic 
films. 

These recommendations require that in over 90% of patients, first, 
an initial mammogram be obtained, developed, and evaluated before 
completing the examination. | estimate that, depending on a number 
of factors, this would result in a 10-20% increase in examination 
time. Most mammograms are now performed as screening studies 
and many low-cost screening centers, charging $25-50 per ex- 
amination, might not be economically viable with a 10-20% reduction 
in efficiency. Dr. Sickles, a pioneer in low-cost screening mammog- 
raphy, could speak to this issue better than |. In the case of non- 
screening mammography, where there is a positive clinical history or 
physical examination, | would be reluctant to sacrifice the 43% 
improved-image quality in those women not selected for use of the 
grid. 

Opinion is nearly unanimous concerning the benefits of screening 
mammography, which can reduce the mortality from breast cancer 
by as much as one-third [2]. Because current recommendations 
make almost one-half of adult women eligible for this examination 
each year, monetary considerations are often the most important 
determinant of the success of most large-scale mammographic 
screening programs. Costs are both direct and indirect in the case of 
false-negative biopsies [3]. Radiation dangers of screening mammog- 
raphy, while of obvious importance, are in my opinion, dwarfed by 
economic considerations. Mammographic-screening cancer detection 
(prevalence of seven and incidence of three) is approximately four 
breast cancers per year per 1000 women [4] while radiation causes 
approximately four breast cancers per million women per year per 
rad [5] with a 10-year latency. Therefore, the cost:benefit (cancers 
caused:cancers detected) of screening mammography (0.2 rads per 
breast) is approximately 1:5000, and even with a 70% increase in 
dose from the use of grids, screening mammography remains a “best 
buy.” Also, the use of a grid would have improved the image quality 
of almost one-half of women selected in the Sickles and Weber 
protocol to have nongrid mammography. 

| commend the authors for their informative and timely article. 


Fig. 1.—Multiple daughter cysts in 
complicated renal hydatid cyst shown by 
diagnostic cyst puncture. Note similarity 
to splenic cyst of Caballero et al. 


Fig. 2.—Unenhanced CT. Large com- 
plicated hydatid cyst in right lobe of liver. 
Daughter cysts appear as well-defined 
defects of water density. 
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However, | have some reservations about their recommendations. 

We hope the recent introduction of faster double-emulsion mammo- 
graphic films will further reduce radiation dangers and concerns. 

Ferris M. Hall 

Beth Israel Hospital 

Harvard Medical School 

Boston, MA 02215 
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Reply 

We are grateful for the opportunity to clarify a potential source of 
confusion. Table 1 in our paper catalogs the changes in mammo- 
graphic image quality seen with grid use, while Table 2 describes the 
frequency with which these changes’ actually affect image interpre- 
tation. By presenting our data in this fashion, we had hoped to 
emphasize the clinical significance of Table 2. Improved image quality 
(primarily increased contrast in the case of grids) does not necessarily 
alter radiologic interpretation, or even the level of confidence with 
which interpretations are made. The data in Tables 1 and 2 clearly 
show this to be true. While Dr. Hall’s reworking of Table 1 correctly 
indicates that 43% of women not selected for grid mammography 
thereby would miss out on improved image quality, Table 2 shows 
that only 0.6% of these women would really benefit from grid use by 
virtue of a change in image interpretation. As we stated elsewhere in 
the paper, “one may readily justify the use of a higher-dose imaging 
technique if it frequently provides added information that is clinically 
useful.” In our opinion, an increase in clinical utility of only 0.6% is 
insufficient to justify grid use for women whose breasts are neither 
thick nor dense. 
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Dr. Hall’s objection to our imaging protocol centers on the practice 
of developing the first standard mammographic exposure before the 
other three, and using the information on this film to decide for or 
against grid use. He suggests that the resultant increase in exami- 
nation time will drive up the cost of operation. In fact, our protocol 
does add 2 to 3 min to each examination, but also affords us the 
opportunity to make adjustments in exposure parameters to optimize 
technique for the remaining three standard exposures. In many 
circumstances, this latter advantage alone is sufficient to justify the 
approach; indeed, we have been recommending it for the past 7 
years [1], long before mammography grids were widely available. 

Returning to the issue of increased examination time, Dr. Hall is 
correct to make the distinction between high-volume low-cost screen- 
ing operations and the remainder of mammography practices, which 
include individually-directed nonscreening examinations on sympto- 
matic and otherwise complex patients. For the latter, more common 
type of mammography practice, a difference in examination time of 
only 2 to 3 min is hardly noticeable; it simply is not practical to shorten 
the time between patient appointments by such a small interval to 
actually realize a savings in operating costs. However, the situation 
is quite different for rapid-throughput screening of asymptomatic 
patients, because this type of imaging examination can be completed 
in as little as 5 min. Such a degree of efficiency is achieved only by 
streamlining imaging procedures, including the batch processing of 
all fims at the end of the work day [2]. Clearly, our protocol for 
deciding on grid use will not work in this situation. Rather, one must 
choose either to use grids on every patient or on none at all. In the 
UCSF low-cost screening program we have based our decision to 
completely omit grid use on the limited tube output of our X-ray unit, 
and also on our observation that only 20% of a general patient 
population will benefit from grid exposures (Table 2). The rate of 
detecting prevalent cancers in our first round of screening has been 
even higher than that cited by Dr. Hall, so we are confident that our 
nongrid technique is clinically successful. 

We fully agree that current mammography techniques impart a 
negligible radiation risk, but wish to emphasize that grid use in a 
(readily identifiable) majority of women produces a correspondingly 
negligible benefit. For conventional mammography practices that mix 
complete cases with screening examinations, we strongly recom- 
mend our protocol of limiting grid use to women with thick or dense 
breasts. For low-cost screening practices, the all-or-none decision on 
grid mammography is more difficult to make. We share Dr. Hall's 
hope that the recent introduction of faster mammographic screen- 
fim systems will permit grid use at equal exposure parameters (and 
dose) to what currently is standard technique. However, we caution 


TABLE 1: Comparative Evaluation of Image Quality of Matched Pairs of Grid and Nongrid Films 





Total No. 
of Patients 

All patients 1000 
Thickness >5 cm 334 
Thickness >6 cm 83 
>50% dense tissue 308 
>75% dense tissue 126 
Thickness >5 cm or >50% dense 

tissue 543 
Thickness >5 cm or >75% dense 

tissue 420 
Thickness >6 cm or >50% dense 

tissue 370 
Thickness >6 cm or >75% dense 

tissue 201 


Grid Inferior No Difference Grid Superior 
No. (%) No. (%) No. (%) 
69 (7) 363 (36) 568 (57) 
16 (5) 111 (33) 207 (62) 

8 (10) 10 (12) 65 (78) 
15 (5) 47 (15) 246 (80) 
4 (3) 11 (9) 111 (88) 
25 (5) 165 (30) 353 (65) 
22 (5) 122 (29) 276 (66) 
18 (5) 57 (15) 295 (80) 
12 (6) 20 (10) 169 (84) 


eg 

Note.—Breast thickness measured during vigorous.compression; percentage of dense tissue (by volume) estimated from combination 
of craniocaudal and lateral projection nongrid mammograms. Percentage of dense tissue (by area) estimated from a single-projection 
nongrid mammogram closely parallels the volume estimates used above. 
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TABLE 2: Comparative Evaluation of Clinical Utility of Matched Pairs of Grid and Nongrid 





images 
Total Grid: Grid: More Grid: More 
No. of Less l No Information Information 
Patients informa- Difference interpretation interpretation 
tion Unaided Aided 
Ali patients 1000 72 359 373 196 
Thickness >5 cm or >50% dense 
tissue 543 28 121 199 195 
Thickness >5 cm or >75% dense 
tissue 420 22 63 142 193 
Thickness >6 cm or >50% dense 
tissue 370 19 53 129 192 
Thickness >6 cm or >75% dense 
tissue 201 15 12 27 147 





the reader to await controlled clinical testing of these faster imaging 

systems, because, as shown in Tables 1 and 2, simple determinations 
of image quality do not always correlate with clinical results. 

Edward A. Sickles 

William N. Weber 

University of California School of Medicine, San Francisco 

San Francisco, CA 94743 
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Ear Acupuncture for Hypotonia in Gastrointestinal 
Examination 
| wish to call your attention to the value of acupuncture to achieve 


hypotonia of the stomach during radiographic studies of the upper 
gastrointestinal tract. 


Fifty patients (26 men, 24 women) had acupuncture of the ear 
immediately preceding double-contrast upper gastrointestinal exam- 
ination. Acupuncture was accomplished in the conventional fashion 
by inserting 1.5-cm-long steel needles into the tragus of both ears at 
the “hungry” point. The degree of gastrointestinal hypotonia evident 
on the radiographs was compared with that of a second group of 44 
patients, matched for age and gender, who were given 20 mg of the 
anticholinergic drug, 654-2, commonly used in China. Barium studies 
were performed in an identical fashion in both groups with high- 
density barium suspension and an effervescent agent. 

No side effects were noted in the patients having acupuncture; dry 
mouth, blurred vision, and tachycardia were common in the patients 
given 654-2. 

The average widths of the body and antrum of the stomach, as 
measured on the radiographs, were the same in the two groups. The 
firms were judged to be excellent, good, or poor in 44, 34, and 22%, 
respectively, in the acupuncture group, and 14, 50, and 36%, re- 
spectively, in the 654-2 group. 

The results suggest that acupuncture is as effective as 654-2 in 
producing hypotonia during radiographic examination of the upper 
gastrointestinal tract, but does so without causing side effects. 

Jing-Huei Jiang 
Huai-Hua Railway Hospital 
Huai-Hua City, Hunan, China 
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Heart 


Intraoperative evaluation of coronary artery bypass graft anas- 
tomoses with high-frequency. epicardial echocardiography: ex- 
perimental validation and initial patient studies. Hiratzka LF, 
McPherson DD, Lamberth WC Jr, et al. (The University of lowa 
Hospitals and Clinics, lowa City, IA 52242). Circulation 73:1199- 
1205, June 1986 


The authors evaluated the use of high-frequency epicardial echo- 
cardiography in the intraoperative evaluation of the technical ade- 
quacy of coronary artery-bypass-graft anastomoses. Initially, 12 dogs 
were studied after coronary artery-bypass-grafting with deliberate 
technical errors created in some grafts. There was good correlation 
between short-axis (cross-sectional) and longitudinal two-dimensional 
images of the anastomoses with findings determined histologically. 
All technical errors were recognized. In 12 patients, 15 coronary 
artery-bypass-graft anastomoses were examined intraoperatively 
with high-frequency epicardial echocardiography. The measured max- 
ima! luminal diameter of the anastomoses was greater than the 
maximal luminal diameter of the native artery in all end-to-side anas- 
tomoses. The maximum luminal diameter of the side-to-side anasto- 
moses was equal to or slightly greater than that of the native artery. 
Minor technical errors were noted in two of the 15 grafts. The authors 
conclude that high-frequency epicardial echocardiography can accu- 
rately measure coronary artery-bypass-graft anastomoses and has 
the potential for intraoperative detection of technical errors and 
inadequacies. 


Richard B. Jaffe 


Noninvasive evaluation of aortic regurgitation by continuous- 
wave Doppler echocardiography. Masuyama T, Kodama K, Kita- 
batake A, et al. (The First Department of Internal Medicine, Osaka 
University School of Medicine, 1-1-50 Fukushima, Fukushima-ku, 
Osaka 553, Japan). Circulation 73:460-466, March 1986 


The authors examine the feasibility of using continuous-wave 
Doppler echocardiography to examine the aortic regurgitant-flow- 
velocity pattern in 32 adults with aortic regurgitation and in 10 patients 
without aortic regurgitation. The aortic regurgitant-flow-velocity pat- 
terns, characterized by a rapid rise in flow velocity immediately after 
closure of the aortic valve, and high peak-flow velocity and the gradual 
deceleration until the next aortic valve opening, successfully identified 
30 of 32 patients with aortic regurgitation. Generally, as the severity 
of aortic regurgitation increased, the velocity decline (deceleration) 
became greater, and the time to decline to half the peak velocity 
(half-time) shortened. The authors conclude that continuous-wave 
Doppler echocardiography permits the noninvasive evaluation of aor- 
tic regurgitation. 


Richard B. Jaffe 


Pediatric Radiology 


idiopathic external hydrocephalus: natural history and relation- 
ship to benign familial macrocephaly. Alvarez LA, Maytal J, Shinnar 
S (Division of Pediatric Neurology, VCP-207, Montefiore Medical 
Center, 111 E. 210th St., Bronx, NY 10467). Pediatrics 77:901-907, 
June 1986 


Idiopathic external hydrocephalus was identified in 36 infants. All 
children were macrocephalic by 1 year of age and maintained head 
growth at the 95th percentile. Although 89% of the infants were 
developing normally, 43% of this group had transient developmental 
delay at 5 to 12 months of age, corresponding to the time of the 
most rapid head growth. There was a family history of macrocephaly 
in 88% of cases, and several families had members with external 
hydrocephalus and benign familial macrocephaly throughout several 
generations. No children required surgical therapy. The authors sug- 
gest that idiopathic external hydrocephalus is a benign self-limiting 
condition that resolves without therapy and is closely related to 
benign familial macrocephaly. 


Richard Towbin 


The chest film in immotile cilia syndrome in children (in French 
and English). Fauré C, Verderi F, Schmit P, Sirinelli D, Salomon JL, 
Escalier D (Service de Radiologie, Hôpital Trousseau, 8 av. du Doc- 
teur-A.-Netter, F-75571 Paris 12, France). Ann Radiol 29:301-311, 
1986 


In a review of 31 children with immotile cilia syndrome (various 
ultrastructural anomalies of the cilia), more than half began with lung 
symptoms in the first year of life. Half of the series showed situs 
inversus; 13 of the 31 had associated causes of bronchopneumopa- 
thy (gastroesophageal reflux or immune compromise). The lung pat- 
tern was not specific, but tended to be bilateral, with middie lobes 
more severely involved and apices spared. Bronchiectasis was pres- 
ent in a majority, most commonly cylindrical. Radiologic progression 
tended to be slow, but eventual surgical excision of an involved area 
was necessary in 20% of the patients. Early search for this disease 
in infants should be beneficial. 


Alan E. Oestreich 


Stress-related widening of the radial growth plate in adolescents. 
Fliegel CP (Dept. of Radiology, Basel Children’s Hospital, Römer- 
gasse 8, CH-4005 Basel, Switzerland). Ann Radiol 29:374-376, 1986 


Three examples are reported of stress-induced widening of the 
radial growth plate in young adolescent gymnasts, a condition that 
may well be more frequent than previously expected (such changes 
were seen in nearly one-third of 98 adolescent gymnasts reviewed 
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by Fauré). The radiographic changes include irregular longitudinal 
widening of the physis soft-tissue zone, irregular metaphyseal border 
line, flaring of the metaphysis, occasional periosteal new bone, and 
mildly retarded bone age. Two of these three 13- to 15-year-olds 
showed bilateral changes. Immobilization of wrist and discontinuation 
of gymnastics until radiographic repair was successful in 9 to 24 
months. Although none of these three children recalled a history of 
trauma, the pattern is quite similar to the Salter | epiphyseal injury. 


Alan E. Oestreich 


Hyperimmunoglobulinemia E syndrome: pulmonary imaging con- 
siderations. Fitch SJ, Magill HL, Herrod HG, Moinuddin M (Radiology, 
University of Tennessee Center for the Health Sciences, 848 Adams 
Ave., Memphis, TN 38103). Pediatr Radiol 16:285-288, May 1986 


Recurrent sinusitis and pneumonias, as well as chronic dermatitis 
and elevated serum igE, are the principal features of the Hyper-IgE 
(or Job) syndrome. Pneumatoceles are frequently present, often 
containing air-fluid levels. Pheumatocele rupture may cause intracta- 
ble pneumothorax, as in one 6-month-old patient. Ventilation and 
perfusion scanning, as in another patient, gives functional information 
about the pneumatoceles; CT is valuable in documenting anatomic 
extent of such disease. 


Alan E. Oestreich 


CT features of peritoneal and mesenteric involvement in pediatric 
malignancies. Experience from 13 cases (in French and English). 
Granier N, Filiatrault D, Garel L, Dubé J, Paillé P (Radiologie, Hôpital 
des Enfants, 168 cours Argonne, F-33000 Bordeaux, France). Ann 
Radiol 29:275-285, 1986 


Although sonography can diagnose mesenteric root and lesser 
omentum tumor involvement, CT is the best method to image the 
entire abdomen, including every peritoneal reflection. This seems 
especially valuable in cases of non-Hodgkin's lymphoma, ovarian 
immature teratoma or carcinoma, and adrenal neuroblastoma, on the 
basis of a study of 13 pediatric malignancies. High-quality vascular 
enhancement is required to recognize invoivement of the lesser 
omentum (6 of the 13 cases), the most frequent site. The greater 
omentum was always invaded in cases of massive peritoneal seeding. 
Mesenteric involvement on CT was as discrete masses or stellate 
infiltration. The transverse mesocolon was shown to be invaded once. 


Alan E. Oestreich 


Involvement of posterior visual pathways by optic nerve gliomas. 
Lourie GL, Osborne DR, Kirks DR (Radiology, Children’s Hospital, 
Cincinnati, OH 45229-2899). Pediatr Radiol 16:271-274, May 1986 


CT in seven children with optic nerve gliomas extending posterior 
to the chiasm showed involvement of lateral geniculate bodies and 
adjacent optic radiations in five, each with marked contrast enhance- 
ment. These seven patients are 22% of new optic glioma patients in 
a 4-year period. in one patient, MR image revealed contralateral 
lateral geniculate and optic radiation involvement not shown on CT. 
These imaging methods have an increasing role for optic nerve 
gliomas; the posterior extension aids in diagnosis. 


Alan E. Oestreich 


Breast Radiology 


The significance of calcifications in mammograms in the early 
detection of breast carcinoma. Rosselli Del Turco M, Ciatto S, 
Bravetti P, Pacini P (Centro per io Studio e la Prevenzione Oncologica, 
Viale A. Volta 171, 150131 Firenze FI, Italy). Radiol Med 72:7~-12, 
1986 


From Nov. 1978 to July 1982, mammography was performed on 


AJR: 147, October 1986 


47,097 patients; biopsies were recommended for 3126. A carcinoma 
was found in 1110 specimens and calcifications were seen in 217. In 
2016 cases the lesions were of a benign nature and in 111 of 2016 
microcalcifications were present. This study reports and discusses 
(1) distribution of microcalcifications; (2) their various morphologic 
characteristics; (3) positive predictive value for each radiologic pat- 
tern; (4) frequency of microcalcifications in relationship to age group 
and whether the lesion was benign or malignant; (5) the frequency of 
calcifications in relation to the histologic type of tumor; and (6) the 
distribution of the microcalcifications and its relationship to the clinical 
and pathologic diagnosis and whether the patients were part of a 
screening program (385) or self-referred (2771). The authors empha- 
size that the microcalcifications that show a high sensitivity for cancer 
are also poorly specific, and that those calcifications with a high 
specificity for cancer show a poor sensitivity. Therefore, since no 
strict diagnostic criteria can be established, biopsy should always be 
performed to detect breast cancer early whenever there is any 
suspicion of malignancy. 


A. F. Govoni 


Gastrointestinal System 


Sonographic and pulsed-Doppler evaluation of the portal venous 
system (in italian). Renda F, Di Giandomenico E, Di Giandomenico 
V, Sanita di Toppi G, Marano P (Istituto di Scienze Radiologiche e 
Formazione dell'Immagine, Ospedale SS Annunziata, !-66100 Chieti 
CH, Italy). Radiol Med 71:496-505, 1986 


To further the diagnostic imaging of the portal venous system, the 
authors conducted a series of studies in 23 normal subjects and in 
13 cirrhotic patients in which sonographic morphologic evaluation of 
the caliber of the portal vein was associated with a functional study 
of its pressure and degree of flow by a pulsed-Doppler technique. 
The studies were conducted before and after a normal meal. 

The hemodynamic principles of the portal system and the factors 
governing the pressure, the flow, and the velocity in blood vessels 
are reviewed. From a statistical analysis of the data, they conclude 
that the association of a routine sonographic study of the liver in 
patients who have a presumed abnormal portal circulation with a 
pulsed-Doppler evaluation of the portal hemodynamics provides de- 
tailed information on the direction, degree of flow, and flow velocity, 
which results in a comprehensive morphologic and functional study 
of the portal venous system. 


A. F. Govoni 


Physics 


Xeroangiography: technique and clinical applications (in Italian). 
Toti A, Mannella P, Benea G, Galeotti R, Borrelli M, Bonari RL {Istituto 
di Radiologia dell’Universita, Corso Giovecca 203, 1-44100 Ferrara 
FE, Italy). Radiol Med 71:403-408, 1985 


This preliminary report on transarterial (TAXA) and transvenous 
(TVXA) xeroangiography with a semirapid seriographic unit describes 
the characteristics of the unit and the techniques used. Conclusions 
reached from the early results are (1) the poor sensitivity of the plates 
limits TAXA and TVXA only to segments of the body of limited 
thickness; (2) the size of the xeroradiographic cassette (24 x 30 cm) 
is restrictive; and the necessary use of high tensions results in a 
dosage almost three times that of traditional angiography. The ad- 
vantages of xeroangiography are (1) the high power of resolution; (2) 
images with more detailed information; (3) the wide latitude of expo- 
sure that permits simultaneous imaging of bones and soft tissues; (4) 
the lower cost of the equipment; and (5) the reduced incidence of 
complications. 


A. F. Govoni 
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Society for Pediatric Radiology: 
Abstracts from 1986 Meeting 





The 29th annual meeting of the Society for Pediatric Radiology took place in 
Washington, DC, on April 10-13, 1986. Donald R. Kirks, M.D., edited the 
abstracts. They are presented in the order of presentation. 


The Renal Cortex & Medulla in the Neonatal Kidney: Sonographic Evaluation of Patho-~ 
logic States by Thomas L. Slovis, M.D. and Jack 0. Haller, M.D. 


The neonatal kidney has a unique sonographic appearance. In an attempt to 
correlate the change of this appearance with specific disease states we evaluated 
all of the neonatal kidney ultrasound examinations done fn the high-risk referral 
nurseries of 2 institutions (Children's Hospital of Michigan and Downstate Medical 
Center). From this group of neonates, 5 distinct ultrasonic patterns emerged-1)a 
normal appearance, 2)increased cortical echogenicity with cortico-medul lary 
differentiation preserved, 3)loss of cortico-meduilary differentiation in normal to 
small kidneys, 4)loss of cortico-wedullary differentiation tn large kidneys, 
S}increased medullary echogenicity. We studied most of the patients during this 
period with a phased linear array, 5.0MHz transducers on the electronically focused 
system,® and 7.5MHz single frequency, triple loaded mechcanical section sanncer, 
RŽ All examinations were recorded on video tape and hard copy was made on x-ray 
fila. 

A series of diagnoses fell within each of the 5 categortes of sonographic 
appearances: 

A. Normal 
1. Normal 
2. Renal artery thrombosis (acute) 
3. Some forms of congenital medical renal disease, i.e., rena} tubular acidosis 
{RTA}. 
B. Increased Cortical Echogenicity Cortico-Medullary Differentiation Preserved 
l. Prerenal azotemia 
2. Ischemia 
3. Dysplasia 
4, Some forms of congenital medical renal disease, f.e., congenital nephrosis. 
C. Loss of Cortico-Medullary Differentiation in normal to small sized kidney 
1. Severe dysplasta 
Z. Pyelonephrosis 
D. Loss of Cortico-Medullary Differential with Renal Enlargement 
1. Renal vein thrombosis 
2. Fetal renal hamartoma 
3. Recessive polycystic kidney disease 
4, Dominant polycystic kidney disease 
E. Increased Medullary Echogenicity 
l. Nephrocalcinasis 
2. Tame Horsefall protein deposition 
3. Medullary cystic disease 
The appropriate work-up based on clinical symptoms and sonographic appearance will 
be discussed. R = Acuson R2 = ATL 





Sonographic Assessment Of The Bladder Wall In 


AAT ma eee eA SINE 


The Pediatric Age Group 


Jequier_S, Rousseau O (The Montreal Children's Hospital, Montreal, PQ 
H3H iP3. 


Between August I, 1984 and May 31, 1985, 160 children were thought 
to have bladder wall thickening by ultrasound. They represent 7% of all 
abdominal and/or pelvic ultrasounds done. There were 75 boys and 85 
girls age one week to 16 years. However, no normal values for bladder 
wall thickness in different age groups and with different stage of filling 
of the bladder were known to us. A prospective study was therefore 
undertaken to evaluate normal wall thickness of empty or full bladders 
at different ages. 


Preliminary results indicate that the normal wall of a moderately 
filled bladder measures 2mm in most patients and is independant of age. 
It may vary by | to 2mm between empty and full stage. Bladder walls 
Smm thick or more when empty and 3mm or more when full are 
definitely abnormal. There was no bladder wall of 4mm. when empty in 


the normal control group and this thickness is probably abnormal, 
although this is still under investigation. Measurements should be taken 
from the bladder floor or lateraliy in order not to include the peritoneal 
reflection of the dome. 


Main causes of bladder wall thickening were: 

1. Urinary tract infection (44%, 12% in boys, 32% in girls). 
2. Neurogenic bladder (12%, 2.5% in boys, 9.5% in giris). 

3. Hematuria (7.5%, 6.2% in boys, 1.3% in girls). 

4. Enuresis, incontinence (6%, 2.5% in boys, 3.5% in girls). 
5. Post chemotherapy (6%, 5% in boys, 1% in girls). 

6. Abdominal pain (5.5%, 1% in boys, 4.5% in girls). 


The remaining 19% were made out of mostly isolated cases including 
i7 different entities such as posterior urethral valves, previous 
surgery, trauma, ect. 


Focal bladder wall changes were rare, seen in 12 patients only (post- 
surgical, benign and malignant tumor, focal inflammation in Crohn's 
disease, diverticula and ureterocele). 


MRI of the Pelvis and Perineum in Children 


Dietrich RB, Kangarloo H, Boechat MI (UCLA Medical Center, 
Los Angeles, CA 90024). 


The pelves of 49 children (age 1 to 19 years) were 
evaluated using 0.3 T spin echo magnetic resonance imaging (MRI). 
The MR scans of 12 of these patients, who had studies or lesions 
of structures adjacent to the pelvis, were reviewed to assess the 
optimal imaging plane (s) for demonstrating specific pelvic 
structures, Midline structures (urethra, bladder, rectum and 
sacrum) were best evaluated in the sagittal planes; paired 
structures (ovaries, pelvic musculature and ectopic gonads) 
were best evaluated tn axial and coronal planes. The remaining 
37 patients imaged had pelvic or peritoneal pathology, Results 
were correlated with the ultrasound (35) and CT (8) scans and 
surgical and biopsy findings (26). The planes of imaging 
depended on the suspected pathology; images in two different 
planes were routinely obtained, Tl-wetghted sequences 
(TR 500 msec, TE 28 msec) were obtained in ali cases; T2-weighted 
sequences (TR 1500 or 2000, TE 84 or 112 msec) were also obtained 
in 20 cases with suspected neoplasms or cystic lesions, 

Lesions imaged were divided inte three categories: 
congenital (15), cystic and fluid collections (9), and 
neoplastic (13). MR demonstrated all lesions weli, If gave a 
better global view of the pelvis than did ultrasonography and 
was especially useful in evaluating pelvic neoplasms and lesions 
not directly adjacent to the bladder. It was superior to CT in 
evaluating the extent of lestons due to its ability to image in 
any plane and its better tissue differentiation. Ti-weighted 
images gave the best anatomical detail; T2-weighted images were 
useful in patients with ectopic gonads and pelvic neoplasms, 

Due to its low cost and availability ultrasonography sheuld 
remain the modality of choice for screening pelvic pathology in 
children. MR is, however, a useful adjunct in the evaluation 
of equivocal cases and in determining the full extent of 
lesions, 


Patterns of Calcium Deposition in the Kidneys of Children: 
In Vivo Demonstration of the Anderson Carr Progression 


Patriquin H, Robitaille P (Hōpital Sainte-Justine, Montréal, Qc, 
Canada H3T 1C5). 


The Anderson Carr theory of renal stone formation, based on 
cadaver studies, postulates the aggregation of calcium at the 
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tips and margins of the renal pyramid. Progressive calcium 
deposition is followed by the formation of calcium plaques, 
which may perforate into the calyx and provide a nidus for 
further stone growth. This theory has not been demonstrated in 
vivo. We studied 50 children with conditions leading to nephro- 
calcinosis with renal ultrasonography; and 7 of these with high 
resolution computed tomography. Twenty-four positive ultrasound 
examinations were used to study patterns of calcium deposition 
in the kidney. Nephrocalcinosis was confined to the medulla, 
and was found at the margins of the pyramid, at the fornix or 
filling the entire pyramid. Five children showed calcium 
plaques in or near the calyx. The ultrasonographic patterns 
outlined seem to illustrate, in vivo, the Anderson Carr progres- 
sion of renal stone formation. 


Segmental Function in Duplex Kidneys: 
Assessment from the Tc-99m DTPA Renogram 
Shore RM, Koff SA, Cirulli C, Smith SP, Frye TR, Lloyd TV 
(Childrén's Hospital and Ohio State Univ., Columbus, OH 43205). 


We have adapted our previously described method of estimating 
the glomerular filtration rate (GFR) from the Tc-99m DTPA renogram 
in children to the determination of segmental function in duplex 
kidneys. This method determines both the total GFR and the rela- 
tive GFR of each kidney and segment. Segmental GFR was determined 
46 times in 25 patients with 30 duplex kidneys. Segmental analysis 
of diuresis renograms also assessed segmental obstruction. Correla- 
tion of scintigraphic images with the excretory renogram was 
necessary for accurate assignment of regions of interest. 

The normal distribution of function was determined by analyzing 
kidneys without reflux, obstruction, or scarring. For the normal 
duplex kidney, the upper segment function was: mean = 38%, 
range = 38-44%, SD = 5%. Where the contralateral kidney was also 
normal, the relative funtion of the duplex kidney was: mean = 55%, 
range = 45-60%, SO = 7%. 

By comparison to the normal distribution of function, abnormal 
renal function was evaluated in a wide variety of renal disorders 
including: segmental reflux nephropathy, reflux and obstruction 
secondary to ectopic ureteroceles, and segmental analysis of 
urinary diversions. Segmental function was also followed longi- 
tudinally, and sequential changes correlated well with other 
Clinical and surgical findings. Since function was expressed in 
absolute terms (rather than just relative function), it was 
possible to distinguish simple functional loss in one kidney or 
segment from loss in one region with compensatory hypertrophy in 
another. This feature should make this method valuable not only 
for clinical use, but also as a tool for clinical investigation in 
order to determine the conditions under which compensatory 
hypertrophy might be expected. 

The segmental renogram curves were more irregular than curves 
for the entire kidney, and this appears to be the main limitation 
of determining segmental urine function by this method. Since 
individual segment urine collections are seldom available for 
comparison, it would be desirable to compare this renogram method 
for evaluating segmental function to that determined by static 
imaging agents. 


The Duplex Collecting System 
in Female Children with Urinary Tract Infection 


Bisset GS Ill, Strife JL, Dunbar JS (Children's Hospital Medical 
Center, Cincinnati, OH 45229). 


We retrospectively evaluated 40 female children with urinary 
tract infection who had duplication anomalies documented on ex- 
eretory urography (EU). The EU's were evaluated for renal 
scarring, size, and anatomic characteristics of the duplication 
anomaly. Voiding cystourethrograms (VCUG) were evaluated in 
each patient for the presence of vesicoureteral reflux (VUR). 

The purpose of the study was to evaluate the natural history, 
the incidence of VUR, and the incidence of parenchymal scarring 
in children with duplex renal systems. There were 4? duplicated 
systems in 40 patients (80 kidneys). In the 34 systems with 
complete duplication, VUR occurred in 23 (68%). VUR occurred 
into the lower pole in 74%, into the upper pole in 9%, and into 
both poles of the kidney in 17%. With partial duplication, VUR 
was noted in 27% In kidneys with duplication there was 
associated renal scarring in 7%. This figure ia identical to the 
incidence of parenchymal scarring in a graup of 479 females with 
urinary tract infection and no duplex system. .In all but one 
patient with renal scarring, VUR was present. 

In follow-up studies in those patients with duplex systems 
and VUR, the reflux resolved in 66%. Only one in our series (1 
month old) demonstrated late parenchymal scarring. The 
remaining patients all had scarring at the initial study. 
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Our conclusións are that in patients with duplication 
anomalies: (1) there is a high incidence of VUR in complete 
duplication, (2) the incidence of VUR in partial duplication is Sa 
identical to the incidence in anatomically normal systems with 
VUR, (3) a significant percent of the VUR resolved spontan- 
eously, and (4) the incidence and natural history of paren- 
chymal scarring is similar in duplex systems and in normal 
anatomic kidneys with VUR, 


The Pseudohorseshoee Deformity in Children with Congenital Gibbus 


Fernbach SK, Davis TM (The Children's Memorial Hospital, North- 
Western Univ. Medical School, Chicago, IL 60614) 


After noting an abnormal renal axis on excretory urography 
(EU) in children with myelomeningocele and gibbus deformity, we 
decided to retrospectively analyze the clinical (operative, au- 
topsy) and radiological (spine films, EU, nuclear scintigrams, 
ultrasound) data in 96 children with thoracic level myelomeningo~ 
celes, 

Lack of concurrent spine films and EU caused us to exclude 28 
children from the study. Of the remaining 68 children, 21 had 
both no gibbus deformity and a normal renal axis. Two children 
(one with gibbus, one without) had unilateral agenesis; two others 
{one with gibbus, one without) had mild unilateral ectopia, 

Gibbus deformity was present in 43 children, two of whom were 
excluded from our analysis because of scoliosis greater than 35°. 
In 38 of the remaining 41 children the angle formed by the inter- 
Section of the renal axes was abnormal. Regression analysis 
confirmed that there was 1) a linear relationship between the 
measured angle of gibbus and the angle of intersection of the 
renal axes and 2) a high correlation coefficient (r=.62). 

Intersection of the renal axes below the renal masses, as in 
horseshoe kidney, occurred in 19 children. In all of these chil~ 
dren correlation was made with other data of renal status: 
nuclear medicine scintigrams, ultrasound studies, operative re- 
ports, and. autopsy findings. No instance of parenchymal fusion 
was detected by these other modalities. We therefore believe that 
in children with severe gibbus deformity pseudohorseshoe kidney 
should be considered a diagnostic possibility rather than true 
horseshoe kidney when there is an abnormality of the renal axes. 


Kleinman PK (Univ. of Massachusetts Medical Center, Worcester, 
WA 01605) 


Posterior rib fractures are characteristic findings in 
abused infants and commonly occur near the costovertebral 
junctions. These fractures can result from violent shaking and 
are generally assumed to be due to lateral thoracic 
compression. An analysis of the plain radiography, computed ~ 
tomography, and histopathology of posterior rib fractures in 
fourteen abused infants casts doubt on this traditional view. 
This study reveals that these fractures often occur at or medial 
to the costotransverse process articulation. Furthermore, 
cortical disruption and periosteal reaction occur mainly along 
the ventral surface of the fracture sites, not dorsally, as 
would be expected if lateral compression alone induced these 
fractures. Based upon available data, and assuming that manual 
thoracic compression during shaking produces the fractures, a 
plausible mechanism of injury is proposed. As the infant is 
shaken, the posterior rib is levered over a fulcrum of the 
costotransverse process articulation. This places maximal 
stress upon the ventral surface of the posterior aspect of the 
rib, resulting in the typical patterns of injury defined in this 
study. 


Late Radiological Patterns of the Hip in JRA 


Blane CE (Dept. of Radiology), Ragsdale CG (Dept. of Pediatrics 
and Communicable Diseases), Hensinger RN (Dept. of Surgery). 
[The University of Michigan, Ann Arbor, MI, 48109-0010.] 


The hip is a major weight-bearing joint for walking and 
sitting in the child. We reviewed the radiographs of 68 children 
with long-standing juvenile rheumatoid arthritis (JRA) and no 
Significant steroid therapy, and found 36 patients with osseous 
changes at the hips. Although many changes at the hips in JRA 
have been described, we report two distinct patterns. One 
pattern is characterized by progressive primary inflammatory 
destruction of the hip. Erosive arthritis with progressive joint 
Space narrowing, subchondral cysts and sclerosis, was seen in 7 
boys and 1 girl. 
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The second pattern had the appearance of developmental 
adaptation in the growing skeleton. Twenty-one girls and 7 boys 
had a spectrum of changes without erosion or significant joint 
space narrowing. The hip varied in position from mild valgus, to 
subluxation, to frank dislocation. The capital femoral epiphyses 
had various degrees of flattening with medial wedging and lateral 
squaring. The metaphyses were widened and often a ring of 
osteophytes, “sagging rope sign," was identified. The changes at 
the hips are similar to those seen in children with cerebral 
palsy. 


Categorization of the changes at the kip into one of these 
two patterns has important therapeutic {mpIications. One of the 
main goals in the child with JRA and hip disease is to maintain 
function and to prolong mobility. Muscle spasm and reflex 
guarding, keeping the hip flexed, may be in part responsible for 
the developmental pattern. Minor surgical procedures and bracing 
to reposition the femoral head in the acetabulum, used in the 
child with cerebral palsy, may be of value in these patients. 
Early recognition of this developmental pattern to identify 
children who may benefit from aggresive mecical management or 
early orthopedic intervention may improve Iong-term function and 
mobility at the hip. 


Osteochondrodysplasias: Prenatal Ultrasonographic Diagnosis. 
Diagnostic's Criteria and Differential Diagnosis 


Filiatrault D, Perreault G, Grignon A (Ste-Justine Hospital, 
Montreal, Oc, Canada H3T 1€5), Paillé N (Toulouse, France). 


A retrospective study was performed on 11 patients to deter- 
mine the prenatal sonographic diagnosis of osteochondradys- 
plasias. The purpose of this study was mainly to sensitize 
ultrasonographers to detect these entities by extrapolating the 
criteria that we, as pediatric radiologists, are used to see on 
X-Rays in the neonatal period. The ultrasounds were done mainly 
before or around 20 wks of gestation. All these diagnosis 
except one were picked up on ultrasounds done routinely as a 
$creening of normal pregnancies. We evaluated the following 
criteria: 1) limb lenght (femur), 2) bone echogenicity {skull}, 
3) aspect of the spine, 4} thoracoabdominal disproportion. AN 
the fetuses had postnatal X-Rays and pathological studies to 
confirm the diagnosis. We have encountered 5 osteogenesis 
imperfecta (01) type II, 3 campomelic dwarfism (CD), 1 achondro- 
genesis type I, 1 thanathophoric dwarfism (TD) and 1 recessive 
hypophosphatasia. All the fetuses had short to very short 
femurs and thoracoabdominal disproportions. The 5 cases with OF 
had moderate to severe lack of mineralisation and multiple 
fractures. The 3 CD had characteristic bowtng of the femurs. 
The achondrogenic fetus presented a lack cf ossification of the 
lombosacral spine. The TO was characterized by a slight curva- 
ture of the short femurs and trigonocephaly. The fetus with 
‘hypophosphatasia was the only one where we were oriented for the 
diagnosis because the mother had already civen birth to a child 
who died shortly after of this entity. There was lack of 
mineralisation compatible with this diagnosis. Using the four 
criteria studied we elaborated charts to facilitate a practical 
differential diagnosis. Even though a precise prenatal diagno- 
sis is not always easy, knowledge of these criteria should 
assist the clinician in deciding the outcome of the pregnancy 
and in selecting patients for genetic counselling referral. 


ACUTE COMPRESSION INJURIES OF BONE: OR, 
` THE TODDLER'S FRACTURE REVISED 


Conway JJ, Poznanski AP (The Children's Memorial Hospital, 
Chicago, IL, 60614) 


The "Toddler's Fracture" is a well-known entity since the 
report of its significance by Dunbar, et al, in 1964. The 
tibial fracture may visualize only with fine resolution x-ray 
techniques, on oblique views or by the delayed appearance of 
periosteal reaction. With high resolution magnification bone 
scintigraphy, not only is an earlier diagnosis possible, but 
of greater importance is the recognition of occult injuries 
of other bones which clinically simulate "The Toddler's Frac- 
ture". This report emphasizes the significance of recognizing 
occult bone trauma caused by compression. 

Compression injuries of bone are more common in children 
due to the pliable nature of young osseous tissue. Compression 
causes microtrabecular disruptions which in turn produce a 
marked vascular and metabolic response of bone. Bone scinti- 
graphy demonstrates this pathophysiologic response by the 
prominent localization of the radionuclide at the site of 
injury. Compression injuries produce little, if any, x-ray 
changes and thus go unrecognized, creating concerns for the 
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parent, pediatrician and radiologist alike. 

Compression injuries tend to occur at impact sites much 
as the metatarsals, sesamoids of the great toe, cuboid, calca- 
neus and patella, Four cases of “cuboid compression" are 
presented, three were in teddlers and the other in a young 
child with a documented hyperflexion injury of the foot. K-rays 
were normal. Follow-up tomography of the hyperflexion injury 
demonstrated periarticular sclerosis of the cuboid as evidence 
of the healing microtrabecular fractures. Multiple other 
examples of occult compression injuries involving the patella 
(the Hot Patella sign), calcaneal apophysis!(the Hot Heel sign), 
metatarsals (Stubbed Toe sign) and sesamoid bones of the great 
tee (the Scintillating Sesamoids sign) are presented. 

Compression injuries are a poorly recognized common injury 
in young children. Bone scintigraphy readily depicts the 
abnormality. A child who favors an extremity and has normal 
x-ray findings should be studied with bone scintigraphy. 





Jones BE, Davis RT, Treves ST (The Children's Hospital, Harvard 
Medical School, Boston, MA 02115) 


The dilemma of when to do a skeletal scintigram in 
relation to bone aspiration in patients suspected of having 
osteomyelitis, has been a difficult decision. Questions arise: 
1. will a bone aspiration cause a change in the scintigram?, 2. 
if it does, when? ‘This study was designed to answer the above. 

ao O r a a a weighing 20 Kg 


each were anesthetized with IV 1 my/ky, 
followed by IV sodium pital 20-30 mg/Kg. ‘The animals 


had a baseline To-99m MDP (technetium-99m methylene 
diphosphonate) scan in order to exclude occult pathology, as 
well as a control far subsequent scintigrams. Needla 
aspiration of 8 leg benes were performed under fluorescopic 
control. Aspiration of the bone was performed according to the 
protocol used in the at Children's. An 
18 gauge needle was placed into/acdjacent to the bone, 2-5 ml of 
sterile, non-bactericidal saline solution was injected to 
"wash" or irrigate the area and then aspirated. All 
were done under anesthesia. Tc-99m MDP scans were obtained at 
6, 24 and 48 h post aspiration. The images were cbhtained using 
a gamma scintillation camera with a high resolution collimator. 
There were no detectable differences on the 
scintigraphic pattern in the baseline and the post~-aspiration 


studies. 

This study suggests that needle aspiration of long 
bones in the young does not cause detectable abnormalities on 
To-995m MDP scintigraphy. Therefore, aspiration of a lary bone 
is not a contraircication to Teo-99m MOP scintigraphy if 


osteomyelitis is suspected. 


Bone Density Changes in Normal Children 


Gilsanz V, Senac M, Roe T, Wells T, Landing B (Depts. 
of Radiology, Pediatrics, and Pathology, Childrens 
Hospital of Los Angeles), Libaneti C, Schultz E (Loma 
Linda University School of Medicine), Cann C 
(University of California, San Francisco). 


Since March, 1985, all previously healthy children 
undergoing CT examinations at Childrens Hospital of 
Los Angeles because of trauma had their vertebral 
mineral content measured by computed tomography. 
Especially designed phantoms scanned with the patients 
were used to provide corrections for machine drifts. 
These phantoms, smaller than those commercially 
available for adults contain exact solutions of 
dipotassium hydrogen phosphate for calibration. Thus 
far, 74 children (44 boys, 30 girls) ages 0-18 years 
have been studied. The bone density in neonates was 
very high ranging from 310-505 (mean 372) mg/cm? 
K2HPO,. Histomorphometric and chemical analysis of 
three newborn vertebrae obtained at autopsy revealed 
relative absence of red marrow and closely packed 
bony spicules. The bone mineral content for children 
older _than one year ranged from 145-240 (mean 183) 
mg/om3 K>HPO4,. Whereas girls showed no difference 
in bone density before and after puberty, there was 
a significant increase in the bone mineral content 
ef boys following puberty. This is consistent with 
the fact that adult males have higher bone density 
than adult females. We propose that the relative 
increase in testosterone levels in post pubedal males 
account for their higher bone density. 
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We foresee that quantitative computed tomography will 
have wider applications than the measurement of bone 
loss in post menopausal women. The normal values of 
spinal trabecular bone in children will aid in future 
studies of pediatric bone diseases. 


The Use of CT Scan in Unstable Hip Reconstruction 


Mahboubi, S, Horstman H (The Children's Hospital of Philadelphia, 
Philadelphia, PA 19104). 


If the unstable hip (in cerebral palsy) is neglected and 
allowed ta sublux and dislocate, it can become painful. 
Intervention in this process of subluxation, dislocation, femoral 
erosion and acetabular dysplasia can allow a more mobile, less 
painful hip. Surgical -intervention is often undertaken with 
relatively little comprehension of the three dimensional aspects 
of the femoral-acetabular complex. 

Forty infants and children with unstable hips underwent 
computed tomography of their hip prior to surgery. Computed 
tomography has shown superiority over conventional radiographic 
techniques in salving problems relating to the unstable hip in 
these patients. Computed tomography of the hip allows for 
information regarding the acetabular arc and containment of the 
femoral head, acetabular depth or shallowness as contrasted to 
the femoral head, and shape of the femoral head. We modified 
measurement of the femoral torsion on CT scans of the hip to 
allow the more accurate technique for visualization of the 
femoral torsion. In our modified technique for anteversion study 
we get a slice through the femoral head and another slice through 
the femoral neck at the level of the greater trochanter. These 
Slices are superimposed on each other with. a double film 
exposure. A line is drawn from the center of the femoral neck in 
its most lateral point through the center of the femoral head, 
and another line through transcondylar axis. 

CT scan of the hip is the single most important modality in 
the assessment and management of the unstable hip as well as 
postoperative follow-up. 


The Position and Mobility of The Normal Ligament of Treitz and Cecum 


Katz ME, Siegel MJ, Shackelford GD, McAlister WH (Mallinckrodt 
Institute of Radiology, St. Louis, MO 63110) 


Identification of the fixation points of the small bowel mesentery 
at the ligament of Treitz and cecum is necessary to assess rotational 
anomalies of the gut. It is known that the cecum may be mobile and 
high riding in infants but little is known of the normal range of motion 
of the ligament of Treitz. We initiated a prospective study to 
determine the normal position and mobility of the ligament of Treitz 
and of the cecum. 


In a series of over 40 pediatric patients undergoing barium 
examinations of the gastointestinal tract, we found that the ligament of 
Treitz could be manually displaced from the left side of the spine to the 
right side in 60% of infants less than 6 months of age. Lesser mobility 
was present from 6 months to 3 years (usually to the midline or over the 
right pedicles of the spine). In all normal patients the distal duodenum 
sprang back to its origina! position at the end of manipulation. Very 
limited or no movement of the fixation point occured in older children. 
The superior aspect of the ligament of Treitz ranged normally from T11 
to the L1-2 disc space, throughout all age groups. Cecal position 
tended to be at lower vertebral levels as age increased. Cecal mobility 
was quite variable and did not correlate well with any other parameter. 


This study demonstrated that in young patients mobility of the 
ligament of Treitz does not by itself indicate a rotational abnormality. 
The immediate return of the distal duodenum to a normal position after 
manual displacement is a more accurate way to determine if normal 
mesenteric fixation has occurred. 


Contrast Imaging to Improve Specificity in the Diagnosis of 
Necrotizing Enterocolitis 


Uken P, Smith W, Franken'E£, Jr. (Univ. of Iowa Hospitals, Iowa 
City, IA $2242), Ellerbroek, C (Iowa Methodist Hospital, Des 
Moines, IA 50308). 


Necrotizing enterocolitis (NEC) is a major source of 
morbidity and mortality in premature infants. Current 
standards for diagnosis involve clinical and plain film 
radiographic criteria, both of which are often vague and 
imprecise. Many cases of NEC are managed medically and 
therefore no substantiation of the diagnosis is possible. 


Treatment for a false positive case of NEC is associated with 
significant morbidity, mortality, and unnecessary medical 
expense. A procedure which improves specificity of diagnosis 
of NEC would be of great value. 

Twenty-five infants with suspected NEC were studied using 
single contrast barium enema. Criteria for entry into the 
study were either a strong clinical or a strong radiographic 
suspicion of NEC. Twenty infants had normal single contrast 
examination of the colon and terminal ileum. All of these 
infants were fed within 12 hours of the examination and none 
developed NEC. Five infants had abnormal single contrast 
examinations. Tissue documentation of the diagnosis of NEC 
was obtained in 2 of the 5: the other 3 were treated medically 
and recovered. Although there is a theoretical risk involved 
in performing contrast studies in patients with severe 
inflammatory bowel disease no patient suffered a complication 
owing to the study. 

Historical review of the years 1980-1984 documented that 
approximately 40 cases per year of NEC are diagnosed or cared 
for at this institution. Thus the 25 cases of this study 
period represent approximately 40% of the annual census of 
patients with NEC. Positive contrast imaging can 
substantially reduce the suspected prevalance of NEC by 
improving the specificity of the diagnosis by reducing the 
incidence of false positives. 


Massive Esophageal Dilatation in Post Operative Chest 
Films of Patients with Diaphragnatic Hernia Supported 


LO ONT LE EE NI 


Stolar C, Berdon W, Dillon P, Abramson S, Amodio J. (Babies 
Hospital, New York, NY 10032). 


Seven newborn infants supported by extracorporeal membrane 
oxygenation (ECMO) (after intractable persistent pulmonary 
hypertension of the newborn, following repair of congenital 
diaphragmatic hernia) developed post operative masses in the 
left paravertebral-mediastinal area. 

On plain radiographs the masses in four patients appeared 
solid, in three the masses were air-filled. All patients had 
portable contrast studies performed that showed the mass to be a 
markedly ectatic esophagus. Two of the patients later had 
fluoroscopy that showed both hiatus hernia and gastroesophageal 
reflux of massive degree, confirmed in 3 of 7 by 24 hour pH 
analysis. All survivors showed improvement of the megaesophagus 
over time. Although feeding difficulties were encountered in 
all, none required anti-reflux surgery. 

Recent interest in the association of poor prognosis of 
diaphragmatic hernia with prenatal detection of polyhydramnios 
suggests that the finding of the dilated esophagus probably 
relates to problems of fetal swallowing. It has not been noted 
in the post operative films of ordinary diaphragmatic hernia 
patients in any significant number; its finding in all of the 
ECMO patients is striking. A 

There are several possible causes of the esophageal 
dilatation. The first is a partial obstruction due to kinking 
of the gastroesophageal junction while the stomach was herniated 
into the chest; the second relates to the effect of transmitted 
pleural pressures while the lungs are still incompletely 
expanded, with possible interference to development and tone of 
the esophagus in utero. 


Patterns of Liver Injury in 
Childhood: CT Analysis 


Stalker HP, Kaufman RA and Towbin RB (Children's Hospital 
Medical Genter, Cincinnati, OH 45229). 


Blunt abdominal trauma to the liver in childhood commonly causes 


recognizable patterns of injury which are generally lobar or 
segmental in distribution and have redictable associated findings, 


injuries and complications. 


We retrospectively reviewed 216 consecutive cases of blunt 
abdominal trauma studied by computed tomography between 8/81 
and 9/85. Among these there were 48 patients with liver injury. 
We analyzed these cases for location of injury, nature of injury 
(deep vs superficial, focal vs complex), presence of associated 
injuries and bleeding, and complications. 





The most common patterns of liver injury were posterior segment 
right lobe and dome of the right lobe. Less common but about equal 
in occurrence were anterior segment right lobe and left lobe (medial 
or lateral segment) injuries. Least common were multilobar and 
isolated caudate injuries. 
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Focal (simple) injuries outnumbered complex ones by about 3:1, 
but there was only slight difference between the number of 
superficial (583) and deep (42%) injuries. Deep injuries were also 
often perihilar (17/20). 


Right renal and right crus injuries, rib fractures, periadrenal 
space hematoma, and IVC halo were commonly encountered with 
posterior right lobe or dome injuries. Twenty-two cases (53%) had 
associated injuries to the lung base, and in this group there was a 
95% likelihood of right lobe liver injury. All 11 pneumothoraces 
were also associated with right lobe injuries. On the other hand, 

ancreatic or duodenal injuries (2) occurred only in association 
with left lobe trauma. Complications such as biloma and hematobilia 
were uncommon but occurred in a small number of complex, deep, 
perihilar injuries. 


A detailed analysis of these data will be presented. 


t 
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Patriquin H, Garel L, Weber A, Blanchard H (Hopital Saint- 
Justine, Montreal, Qc, Canada H3T 1C5). 


Pulsed Doppler coupled with real time ultrasound (US) is a 
rapidly evolving tool for the investigation of abdominal 
vascular structures. As yet the literature contains few reports 
of its impact in the investigation of portal hypertension (PHT) 
in children. Twenty patients aged 6 mo-18 yrs with clinical PHT 
were examined by duplex US in order to assess the degree of PHT 
(14), the anatomy of collateral circulation (17), portal and 
hepatic vein patency (8) and surgical porto~, spleno- or 
mesenterico-caval shunt patency (6). Three children were 
Studied prior to liver transplantation, and in 4 portal and 
systemic veins were assessed prior to a shunting procuedure. 

The results of duplex examinations were confirmed by angiography 
{4/4}, endoscopy (3/3), surgical findings [4/4) and immediate 
clinical outcome in 4/9. 

Doppler correctly defined the presence and direction of flow 
in the portal vein; intrahepatic portal venous thrombosis; the 
anatomy of collateral circulation; shunt patency or stenosis in 
all confirmed studies. In 5 cases of advanced cirrhosis, the 
small left hepatic lobe limited the examination of the lesser 
omentum. Portosystemic shunts were performed on Doppler 
findings alone. 

This study suggests that Doppler is a valuable adjunct in 
the investigation of childhood PHT, replacing angiography in 
some cases. The hepatofugal flow in the left gastric vein may 
prove to be a reliable predictor of potential gastro-esophageal 
hemorrhage. 


Cholelithiasis or Sludge In Infancy and in Utero: 
spectrum 


Daneman A, Davies C, Roberts E, Stringer DA (The Hospital For Sick 
Children, Toronto, Canada) and Wilson S (Toronto General Hospital} 


The wider use of abdominal sonography has lead to an 
increased detection of intraluminal echogenic material in the 
gallbladder in infancy. However to date, no large series has 
reviewed the clinical and. sonographic findings in these infants. 

We present 20 infants in whom sonography revealed findings 
consistent with. gallstones as shown by the presence of highly 
echogenic foci with or without acoustic shadowing. In addition 
low level intraluminal echoes due to sludge were present in some 
and were present in previous scans in others. These patients 
accounted for 15% of all patients with gallstones in our 
Institution between 1979-1985 inclusive. In 10 the diagnosis was 
made in the neonatal period and in 3 in utero. In all but 3, 
gallstones were an incidental finding. Of these 3, 2 had right 
upper quadrant calcification on plain radiographs and 1 was 
jaundiced. Follow-up examinations were performed in 13, most 
within 2 months of initial detection. In 4, follow-up sonography 
showed disappearance of the stone - 1 within 24 hours. This 
raises the question of the consistency of the echogenic material. 
Evidence that these so called "stones” may be a variety of sludge 
is however lacking. 

We therefore reviewed the sonographic appearances of infants 
who only showed evidence of sludge and who were not included in 
the above group. Two sonographic appearances were noted: (i) Low 
level intraluminal echoes usually with layering and (11) 
hyperechogenic more globular material which may simulate the 
appearance of stones. The latter appearance is similar to that 
which we have observed in 2 infants with cystic fibrosis (proven 
operatively to be thick inspissated bile in 1) and in older 
children with metachromatic leukodystrophy {proven to be 
sulphatide globules). 
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We therefore believe that there is a spectrum of sonographic 
appearances of intraluminal material in the gallbladder in infancy 
reflecting a continuum of sludge~» sludge balls- stones. We also 
feel that thick bile secretions may masquerade as stones. The 
disappearance. of "stones" probably reflects dissolution of thick 
Sludge. 


Significance of Umbilical Artery Catheter (UAC) Related 
ortic Thrombosis (AT) in Neonates i 


Siebert JJ, Taylor BJ, Williamson SL, Williams BJ, Szabo JS, 
Corbitt SC (Arkansas Children's Hospital, Little Rock, AR 72202) 


The incidence and clinical significance of AT, a well-recognized 
complication of indwelling UAC's in newborns, is not well 
defined. Oppenheimer, et al, in 1982, demonstrated how well AT 
could be detected by abdominal ultrasound. We proposed to follow 
up their study to determine the incidence of AT formation in 
asymptomatic and symptomatic children as well as to determine 
risk factors associated with thrombosis formation to determine 
which neonates should be routinely studied for catheter 
complications. We prospectively studied 81 infants (birth 
weights 680-4650 grams) with UAC's admitted to the NICU at 
Arkansas Children's Hospital by serial abdominal ultrasound 
examination to investigate the incidence, risk factors, 
complications, and natural history of AT. Ultrasound was 
performed anteriorly through the abdomen and through the flanks, 
using a small parts transducer routinely when the infant was 
admitted to the nursery and at least once a week while the 
catheter was in place and then after catheter removal. Thrombosis 
was detected in 21/81 (26%) infants. Of these, 6 (28%) were 
asymptomatic, and 5 (24%) had hematuria only. Major complications 
occurred in 10 (50%) infants and included leg discoloration, 
hypertension, poor femoral pulses, necrotizing enterocolitis, 
renal failure, and cardiovascular collapse. Major AT (40% aorta 
occluded and extension into. renal and/or iliac arteries) was 
diagnosed in 4/6 of asymptomatic babies and in 13/15 sympotmatic 
babies. Risk factors associated with development of AT were 
presence of Ca++ in the UAC infusate (p<0.02) and catheter above 
renals (pX0.04). The primary disease process, quality of femoral 
pulses, presence of hematuria and/or signs of vascular compromise 
did not predict AT formation. We conclude that clinical 
examination does not reliably predict AT and that asymptomatic AT 
is more frequent than previously recagnized. We recommend routine 
ultrasound screening on babies identified at risk and serial 
ultrasound in asymptomatic infants with AT to follow for 
extension and vascular sequelae. 


AV Valve Atresia 


Fletcher BD, Jacobstein MD, Abramowsky CR (University Hospitals of 
Cleveland, Cleveland, OH 44106), Anderson RH (Brompton Hospital, 
London, UK) 


In the usual form of tricuspid atresia, the muscular floor of 
the blind~ending right atrium is separated from the right ventri- 
cle by the atrioventricular (AV) sulcus. Consequently, epicardial 
tissue including fat is interposed between the right atrium and 
the hypoplastic right ventricle. In other rare forms of tricuspid 
atresia, a valve annulus is present but the potential AV connec- 
tion is occluded by a complete membrane or by Ebstein's malforma-— 
tion with an imperforate tricuspid valve and there is no inter- 
vening epicardial tissue. 


In a retrospective review of MR images of seven patients with 
right AV valve atresia, we observed an increase in signal inten- 
sity in the region of the atretic right AV valve on Tl-weighted 
spin echo images made at 0.3 or 1.0T. This finding however, was 
not apparent in nine patients with hypoplastic right ventricles 
accompanying other anomalies including Ebstein's malformation, 
pulmonary atresia, atrioventricular canal and double inlet left 
ventricle, 


Postmortem examination of six other hearts with right AV valve 
atresia revealed epicardial fat within the AV sulcus between the 
muscular floor of the right atrium and the right ventricle. In 
three hearts with Ebstein's anomaly, the sulcus extended only to 
the level of the tricuspid valve ring. 


The characteristic MRI signal of fat adjacent to the muscular 
floor of the right atrium therefore, serves to identify the AV 
sulcus and allows differentiation of patients with atresia due 
to muscular and epicardial separation of the atrium and ventricle 
from those with a membranous or imperforate valve. MRI is also 
capable of evaluating atrioventricular relationships and alignment 
as well as ventricular-arterial relationships and the severity of 


870 SPR 


right ventricular hypoplasia. These observations have potential 
relevance to surgical therapy. 


Children with Right Ventricular Gatflow Obstructive Lesions 


Hernandez RJ,, Bank ER, Shaffer EM, Snider AR, Rosenthal A (C.S. 
Mott Children’s Hospital, Univ. of Mich., Ann Arbor, MI 48109). 


The distribution and size of the pulmonary arteries are im- 
portant considerations in determining major surgical options for 
children with severe right ventricular outflow obstructive le- 
sions. The purpose of this prospective study ts to assess the 
role of CT in the evaluation of pulmonary arteries in such pts. 

We prospectively studied by CT 17 children, ages 1~22 (mean 
14.4) yrs., with the following diagnoses: pulmonary atresia-6, 
tetralogy of Fallot~-4, pulmonary artery stenosis-2, miscellaneous 
complex cyanotic cardiac lesions-5. All patients had CT perform- 
ed with a GE 9800, ultrasound (US) and angiography (AN). AN was 
performed within 4 mos. of the CT and US in 14 pts. and 1-4 yrs. 
before the CT in 3 pts. Surgery was performed in 10/17 pts. 

The presence of a pulmonary artery was established by surgi- 
cal inspection and/or visualization at angiography. Visualiza- 
tion of the main (MPA), right (RPA) and left (LPA) pulmonary ar~ 
teries by the 3 techniques are summarized in the following table. 

MPA REA LPA 
US CT AN | US CT AN | US CT AN 
Visualized 9 15 15 | 14 15 12 | 12 16 14 
Not Visualizedor/Uncertain 5 2 2 1 2 5 3 1 3 
Tech. Failure 3 2 2 

Four of the five pts. who had absent pulmonary arteries (3 
RPA/1 LPA) by AN but visualized by CT had the CT findings sur- 
gically confirmed. The 5th pt. is scheduled for surgery. The 
difference between the measurements obtained by CT and US ranged 
from 0.03 cm to 0.93 cm (mean 0.35 cm) while the difference be- 
tween CT and AN ranged from 0.02 cm to 1.04 cm (mean of 0.27 cm). 
Localized narrowing of the RPA was well demonstrated by CT, US 
and AN. The narrowing was more clearly visualized by CT and US 
than AN in 1/3 pts. By contrast narrowing of the origin of the 
LPA seen by AN was not detected by CT and US in 4/4 pts. 

We conclude that CT is more sensitive than US and AN in vis- 
ualization of the presence of branch RPA and LPA. However AN is 
superior to CT and US in detecting site and severity of narrowing 
of LPA or peripheral pulmonary stenosis. CT, which is less oper~ 
ator dependent that US, has a complimentary role to angiography. 


Evaluation of Chronic Pediatric Airway Obstruction with Cine-CT 


Frey E, Smith W, Wagener J, Grandgeorge S, Franken E, McCrae P. 
(Univ. of Iowa Hospitals, Iowa City, IA 52242) 


The radiographic diagnosis of airway lesions, especially 
laryngomalacia and tracheomalacia is not precise. Endoscopy, 
which allows detailed examination of the upper airway, is a 
complex invasive procedure sometimes requiring sedation or 
anesthesia. A prospective study was undertaken to demonstrate 
the value of Cine-CT (Imatron) scanning in diagnosing airway 
lestons in children, 

Ten patients, aged 10 days to 4 years and presenting with 
stridor, were evaluated using both dynamic CT scanning and 
endoscopy. The results of the scan were then compared to the 
endoscopic findings. Endoscopy identified 12 diagnostic 
abnormalities in 10 patients. Eight patients had laryngomalacia 
or vocal cord paralysis documented by endoscopy. The dynamic CT 
airway study correctly identified laryngeal lesions in 7 of these 
8 patients. The one patient with a false negative laryngeal 
study had both tracheomalacia and laryngomalacia, with the latter 
lesion not correctly identified owing to considerable patient 
motion. Both patients with vocal cord paralysis were correctly 
identified. One patient had only tracheomalacia and one patient 
had both laryngeal and tracheomalacia; the tracheomalacita was 
correctly identified in both of these patients. One patient in 
the series had a discrete subglottic stenosis which was correctly 
diagnosed on dynamic airway CT and confirmed by endoscopy. A 
comparison of the study population to a control group of 16 
infants who had Cine CT for other reasons, documented that the 
dynamic motion of the airway among the affected population was 
very different from that of their counterparts, 

Dynamic CT scanning is a rapid, accurate, and sensitive 
method for evaluation of patients with chronic stridor. At 
present it is the most sensitive and specific imaging modality 
for infants and children with chronic stridor. 
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The Detection of Sites of Pulmonary Hemorrhage in Patients 
with Cystic Fibrosis Utilizing Technetium-99m Red Blood Cells 


Miller JH, Wong C, Osher A (Childrens Hospital of Los Angeles, 
Los Angeles, CA 90027). 


The occurrence of major pulmonary hemorrhage in patients 
with cystic fibrosis can be life threatening. Methods pre- 
viously utilized to identify the site of pulmonary hemorrhage 
have included bronchography with selective angiography followed 
by surgical resection. More recently, selective angiography 
with embolization of bronchial vessels have proved efficacious 
in the non-surgical treatment of marked pulmonary hemorrhage. 
Identification of the sites of pulmonary bleeding is difficult. 
The chest radiograph in patients with cystic fibrosis is very 
difficult to interpret as is whole Tung pulmonary angiography, 
which carries considerable risk. We utilize the technique 
of Technetium (Tc)-99m red blood cells (RBC) scintigraphy to 
identify sites of pulmonary bleeding. Recently, we have added 
single photon emission computed tomography (SPECT) to this 
procedure which has further helped localize the sites of pul- 
monary bleeding. We have evaluated eight patients for pul- 
monary hemorrhage and successfully identified bleeding points 
in over one-half of the patients examined. This procedure 
has virtually no risk. The total body radiation is approxi- 
mately 300 millirads and once labeled, a patient can be evaluated 
for a peiod of approximately 24 hours, This procedure provides 
a method of evaluation of these patients not available by any 
other imaging method, 


ocardial Scinti in ete T iti 
of the Great Arteries ial Switch ir 


Nancarrow P, Hougen T, Potter C, Colan S, Hernanz-Schulnan M, 
Castaneda A, Treves S (The Children's Hospital, Harvard Medical 
School, Boston, MA 02115). 


Thallium-201 (71-201) and technetium-99m pyrophosphate (To- 
99m PYR) scintigraphy was used to evaluate the myocardium in 
children after arterial switch and coronary artery 
reimplantation for repair of TGA (1/83-11/85). ‘Thirty one 
patients had T1-201 scans (Tls) performed 1 wk postop and 
again 8 mo later in 16. To-99m PYR scans (PYRS) were obtained 
in 27 on the third postop day. ‘The median age at repair was 8 
days. Seven patients had IGA-VSD, all repaired without 
ventriculotany. 

T]-201 (30 uCi/kg; min 200 uci) and Te-99m PYR (600-800 uci) 
were used. Magnification scintigraphy in mitiple projections 
was performed. Images were recorded on a 128-128 matrix and 
smoothed with a median filter. 

Tis and PYRs were evaluated independently, ard results were 
correlated with clinical parameters of ischenia/ 
infarct (ECG, CPK, MB, function by echo). One patient had all 
clinical and scintigraphic studies positive for ischemia/ 
infarct. Four patients had positive PYRs, negative Tls, but 
CPK >600 IU and MB >6%. Four patients had Tis positive for 
ischemia/infarct, negative PYRs, ard 1 or less clinical 
indicators of ischemia. On follow-up, no patients developed 
positive Tls. 

Tis detected physiologically adaptive right ventricular 
hypertrophy and enlargement in 30 and 26 patients 
respectively; 25 children had both. Follow-up scans (n16) 
showed resolution of hypertrophy in 12 (75%) and return toward 
normal size in 10 (63%). 

Clinical parameters of myocardial ischemia, particularly CPK 
>600 and MB >6% were found to correlate with PYRs (5/5). 
However, T1-201 scintigraphy may represent the most sensitive 
test for detection of myocardial ischemia. 


Normal Ultrasonic Anatomy of the Neonatal Spine 


Gusnard DA, Yousefzadeh, DK (University of Chicago Hospi- 
tals & Clinics, Chicago, TL 60637}, Naidich TP (Children's 
Memorial Hospital, Chicago, IL 60614) 


Closely spaced transverse, sagittal and inclined ultra- 
sonic sections from living human neonates were correlated 
with axial, sagittal and coronal cryomicrotome sections of 
frozen human premature and full term cadavers to determine 
the precise nature of the structures displayed sonographi~ 
cally. Linear array 5.0 MHz Acuson™ images readily depict 
the ossification centers of the lamina and centrum, the 
cartilaginous neurocentral synchondroses, the unossified 
cartilage of the spinious process, the intervertebral disk 
spaces, the neural foramina, the dorsal nutrient foramina, 


AJR:147, October 1986 


epidural venous plexus, dura, spinal cord, conus medul- 
laris and some emerging nerve roots. The occipital con- 
dyles, roots of clivus, basisphenoid, basiocciput, basi- 
sphenoidal-basioccipital synchondrosis and the paraspinal 
musculature are similarly well displayed. Familiarity 
with the appearances and relationships of these structures 
in cadavers permits correct identification of the struc- 
tures in viva, 


Magnetic Resonance Imaging of the Spinal Neuraxis in Childhood. 
Barnes P., Lester P., Galloway D., Prince J., Yamanashi W, 


(Oklahoma Children's Memorial Hospital and Oklahoma Diagnostic 
Imaging, Oklahoma City, OK 73126 and City of Faith Hospital, 
Tulsa, Oklahoma 74137. 


Magnetic Resonance Imaging (MRI) has been carried out in 
117 pediatric and adolescent patients (age range: 5 days-20 
years) for developmental and acquired conditions of the upper 
and lower spinal neuraxis, including the more recent application 
of high-field and surface coil imaging techniques (74 patients). 
MRI was compared with metrizamide myelotomography (MMT) and 
metrizamide computer tomography (MCT) in 45, ultrasonography 
(US) in eight, and angiography in two. 

Abnormalities were demonstrated in sixty-two patients, 
including dysraphic myelodysplasias (42), tumors and cysts 
(17), craniocervical anomalies (13), hydrosyringomyelia (4), 
and vascular malformations (2). Six MRI studies were 
nondiagnostic due to motion, sedation, spinal curvature, and 
patient-compliance factors. 

Multisequence, multiplanar, thin-section surface coil 
MRI provided superior anatomic delineation of the Spinal 
neuraxis and equivalent diagnostic sensitivity as compared 
with MMT, MCT, or US, such that invasive MMT/MCT was avoided 
in fifty-one patients. There were two false-positive, and 
no false-negative MRI results. 

At the present time, MRI appears to be a desirable 
noninvasive method for the initial evaluation of suspected 
developmental or acquired causes of spinal neurologic disorders 
in childhood. Although MMT/MCT has usually provided more 
specific delineation of finer anatomic and pathologic detail, 
advanced MRI techniques are now affording definitive evaluation 
of many spinal conditions in childhood. 


The Hippocampal Formation 


Naidich, TP (The Children's Memorial Hospital, Chicago, IL 
60614), Yousefzadeh, DK (University of Chicago Hospitals & 
Clinics, Chicago, IL 60637), Haughton VM (Medical College 
of Wisconsin, Milwaukee, WI 53226) 


Ultrasound and magnetic resonance images now display 
some brain structure better than does CT. Correlation of 
ultrasound and magnetic resonance images of living infants 
with fresh cadaver specimens, cryomicrotome sections and 
myelin-stained histologic preparations of human brain 
documents that both ultrasound and magnetic resonance 
images routinely display the site and configuration of the 
amygdaloid arn pes hippocampus, dentate and hippo- 
campal gyri, parahippocampal gyrus, fornix, choroidal and 
hippocampal fissures and temporal horn. Magnetic reso- 
nance images (MRI) also display the alveus and fimbria of 
the fornx. In nearly all cases, the specific gyri are 
best appreciated in sagittal sections. The alveus and 
fimbria of fornix are best appreciated in coronal sec- 
tions. Those familiar with the anatomic relationships of 
thesestructures may use ultrasound and MRI to depict the 
normal anatomy and pathology of the medial temporal lobe 
and the hippocampal formation. 


Magnetic Resonance imaging of Spinal Dysraphism 


Altman NR, Altman DH (Miami Children's Hospital, Miami, FL 33155 


Spinal dysraphism includes those anomalies of midline fusion 
involving bony, mesenchymal and neural elements. A retrospective 
study of 16 children where this entity was clinically suspected or 
where plain films revealed errors of ossification of the posterior 
elements (spina bifida) are reviewed. 

The neuroradiological approach should include anteroposterior 
and lateral roentgenograms of the entire spine. We feel that mag- 
netic resonance imaging should then be the procedure of choice to 
initially evaluate the cord. If this examination is positive, 
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then myelography with computed tomography may also provide useful 
information, 

Examples of spina bifida cystica, including myelomeniagocele 
and lipomyelomeningocele (lipomyeloschisis) are presented. Occult 
spinal dysraphism disorders are also presented including dermal 
sinus, spinal lipoma and the tight filum terminale (thickened 
filum) syndrome. 


NEUROSONOGRAPHIC AND DOPPLER STUDIES IN FULL-TERM ASPHYKIA 


Daneman A, Hellmann J, Barks J, Soto G, {The Hospital For Sick 
Children, Toronto, Canada, MSG 1X8). 


The prognostic value of cranial sonography (US) and Doppler 
findings has not been established in perinatal asphyxia in 
full-term infants. We correlated the US findings in 43 full-term 
asphyxiated neonates with the clinical staging of the hypoxic 
ischemic encephalopathy, CT and short-term outcome. Abnormalities 
were classified as: (i) Diffuse - increased echogenicity of the 
brain parenchyma with loss of anatomic land marks, (14) Focal - 
increased echogenicity in a specific anatomic location. Increased 
echogenicity was graded 1 to 4+. 

(i) Diffuse hyperechogenicity correlated significantly with 
Clinical severity and neurodevelopmental outcome (p< .002}. This 
was seen in 13 infants, 2 of whom also had focal lesions. Of the 
13, 5 died and 6 had persistent neurological abnormalities. The 
other 2 who were developmentally normal, had only mild (1+) 
increased echogenicity on initial scan. 

(ii) Three infants had focal lesions only. Sites included 
periventricular white matter (normal outcome), temporal cortex and 
IVH (hemiparesis) and bilateral IVH (died). ° 

Of the 27 patients with no detectable abnormality or slit 
Tike ventricles only, 20 were normal, 2 died and 5 were abnormal 
at discharge. The latter 7 had their only US on days i or 2. AV} 
YS abnormalities diagnosed after day 2 were predictive of outcome. 
The timing of US is thus critical to its usefulness. 

CT was performed in 17 infants and in only 5 did not 
correlate with US. US failed to detect only 1 lesion of clinical 
significance. 

Doppler studies of intracranial vessels were performed in a 
further 21 asphyxiated infants. Increased diastolic frequency 
shift was the usual initial response detectable on day 1 and its 
degree correlated with clinical severity. In mild asphyxia the 
abnormal velocity profile returned to normal by day 4 whereas in 
moderate and severe asphyxia persistence beyond this correlated 
with neurological outcome. 

US with Doppler studies are thus the modalities of choice in 
this clinical setting, are predictive of outcome and have 
increased our understanding of the patho— physiologic changes 
following asphyxia. 


Computed Tomography of the Orbital Mass in Children 


Ball WS, Towbin RB, Han BK (Children’s Hospital Medical Center, 


Cincinnati, OH 45229). 


From 1981 through 1985, 67 children were found to nave orbital 
masses on CT. Agé ranged from 1 month to 19 years. The 
literature has shown that a wide variety of pethologic conditians 
may present as orbital masses in childhood. We have reviewed our 
patient population in order to attempt characterization and 
differentiation of these orbital masses, Of the 67 patients, 14 were 
intraocular including retinoblastoma (11), with the renainder 
composed of retinal detachment, drusen body, primary 
hyperplastic vitreous, and Coats! disease. Fifty-one had 
extraocular masses which included inflammatory (17), hemangioma 
(8), dermoid (7), malignancy (6), neurofibroma (3), pseudotumor 
(3), and miscellaneous (7). 

Intraocular masses often have typical features allowing for 
diagnosis. Description of extraocular pathology has received less 
attention, Characterization was attempted ta differentiate benign 
from malignant orbital masses. Hemangiomas and dermoids had 
characteristic CT appearances. Hemangiomas were well defined 
with homogeneous enhancement (1860 to 257 HU) following bòus 
contrast injection, with prominent associated vascular structures 
(50%). Bone remodelling without destruction was noted in 29%. 
tHemangiomas could not be differentiated fron malignancy by 
location or size. Dermoids usually were well defined masses with a 
sharp, thin, minimally enhancing rim, with a low attenuation 
center (-8 to -115 HU). Differentiation from maliqnancy by location 
or size was not possible. 

Although radiologically not distinguishable es a group, malignant 
masses had ill-defined margins frequently associated with bane 
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destruction (75%) and with minimal to moderate enhancement. 
Rapid growth on sequential CT and necrotic areas suggested 
malignancy. Benign lesions such as ectopic glial tissue, 
neurofibromas, and pseudotumor did not have characteristic 
findings allowing for differentiation from malignant processes. 
Inflammatory masses are generally well localized, exert mass 
effect, have no gross bone destruction, and are associated with 
sinus disease. 

CT is useful in differentiating certain but not all benign 
processes and inflammation from malignancy. 


COMPUTED EVALUATION OF ORBITAL LESIONS - COMPUTED SONOGRAPHY {CS} 
AND COMPUTED TOMOGRAPHY (CT) 


Thomas L. Slovis, M.D., Frederick B. Watts, Jr., M.D., John Baker, M.D. 


Orbital lesfons are divided into global and extraglobal. Global lesions are 
further subdivided into anterior chamber, lens, posterior chamber, and retinal 
lesions. Extraglobal orbital lesfons are divided into those within the muscle 
cone {fntraconal}) and those outside the muscle cone fextraconal). When cataracts, 
hemorrhage or other occular med{a opacify and obstruct intraocular visualization 
both CS and CT are of importance in detecting pathology. CS excells in evaluating 
testons of the vitreous such as persistent hyperplastic primary vitreous (PHP¥) 
and separating those diseases which compromise the differential diagnosis of 
leukocoria (PHPY, retinoblastoma, retinal dysplasia, and retrolentofibroplasia). 
Retinal dysplasia and the extent of retinal detachment are easily detected with 
CS. Both modalities reveal defects of the posterfor globe such as coloboma. 


Our current approach to leukocoria is to evaluate first with CT for calcified 
masses and extent of the Tesfon when attempting to diagnosts retinoblastoma. When 
a clear diagnosis of retinoblastowa ts not obtained, then further evaluation for 
the other dfagnostic possibilities requires CS. 


In the differentiation of extraglobal, intraorbital lesions CT 1s superfor to 
CS. CS and CY are complimentary in that different anatonical regions are optimal- 
ly defined by each. 


Prevalance of Incidental Sinus Opacification in 
Children and Adolescents: A Study Based on Computed 
Tomography 


Diament, MJ (Childrens Hospital of Los Angeles, Los 
Angeles, CA 90027), Senac: M, Gilsanz V, Baker S, 
Gillespie T, Larsson S (Univ. Hospital, Uppsala, 
Sweden) 


A prospective evaluation of the paranasal sinuses 
was performed on a consecutive series of 137 pediatric 
patients referred for cranial computed tomography. 
Approximately one-half of the patients less than 13 
years of age had some degree of maxillary or ethmoid 
sinus opacification. The prevalance and severity of 
opacification was approximately the same for the 
Maxillary and ethmoid sinuses. Sphenoid sinus 
abnormality was less common and was usually minimal or 
mild. No incidental frontal sinus abnormalities were 
observed. 


This study confirms previous reports, based on 
plain film radiography, of the prevalance of incidental 
maxillary sinus opacificationa in children. However 
contrary to some prior studies, we did not find a 
relatively higher rate of opacification in children 
less than one year of age. This may be due to over- 
diagnosis of maxillary sinus opacification on plain 
films, in small children. The diagnosis of sinusitis 
in childhood must take into account not only the 
radiographic findings but clinical signs. and symptoms. 
Correlation is needed to avoid over-diagnosis in 
patients referred for sinus radiography for nonspecific 
indications or who have incidental opacification noted 
on radiographic or computed tomographic studies of the 
skull and brain. 


Reliability of Retropharyngeal Soft Tissue Measurements in 
Infants and Children: New Standards Based on 586 Normals 
Rivero HJ, Young LW, Flom L (Children's Hospital of Pittsburgh and 
the University of Pittsburgh School of Medicine, Pittsburgh, PA 15213) 


Previous standards available and advocated for measurement of the 
normal retropharyngeal soft tissues in infants and children have been 
widely used, largely because of uncertainty of their validity. We 


reviewed the various methods and subsequently measured the retro- 
pharyngeal soft tissues in 586 children (825 male and 261 female) 
between the ages of 6 months and 9 years. Several landmarks were 
used but we finally settled on measurements of the retropharyngeal 
soft tissues at the anterior margins of the C2-C3 and C5-C6 
interspaces. 


This simple method of measurement was found to be consistent in 
each age group. Variable factors such as cervical rotation, flexion, or 
extension and incomplete distention of the pharynx led to exclusion of 
roentgenograms showing such findings from the study. Measurements 
greater than the determined norms were obtained in infants and 
children who had proven retropharyngeal abscesses. Corroborative 
findings in this group were obtained with other imaging methods 
including ultrasound and computed tomography. 


These new standards for the measurement of retropharyngeal soft 
tissues in infants and children are reproducible and reliable. They can 
be used as a screening mode prior to, or in some cases exclusive of, 
more complex imaging methods in suspect cases. 


Nembutal Sedation for Pediatric CT 


Strain JS, Harvey LA, Foley LC and Campbell JB (The Children's 
Hospital, Denver, Colorado 80218) 


A retrospective analysis of 4,910 consecutive patients under- 
going CT examination over a three year period was recently 
completed to evaluate the use of sedation in CT imaging. 
Although several sedation regimens were initially employed, a 
marked preference for intravenous Nembutal clearly emerged. 
in 394 patients sedated with intravenous Nembutal, there have 
been no sedation related complications and there have been only 
two sedation failures. Other findings from the study will be 
briefly presented. 

Because of our preference for intravenous Nembutal sedation, 
a prospective study has been undertaken to further document 
the safety and efficacy of this method. Patients are being 
evaluated with pulse oximetry and mechanical blood pressure 
analysis in addition to our standard monitoring of EKG, pulse 
and respirations. Sedated patients have shown no significant 
alteration in blood pressure or oxygen saturation when compared 
to age matched controls. 

We conclude that intravenous Nembutal is a safe, efficient 
and effective form of sedation and is the sedation of choice for 
pediatric imaging. 


Gastroschisis and Omphalocele: Prenatal Ultrasonographic 
Diagnosis and Postnatal Evolution 


Grignon A, Filiatrault 0, Yazbeck S (Ste-Justine Hospital, 
Montreal, Qc, Canada H3T 105). 


A retrospective study (1980-85) was done on 47 patients with 
congenital anomalies of the abdominal wall. The main goals of 
this study consisted in determining 1) the accuracy of the diag- 
nosis, 2) how to improve it, 3) and to establish an antenatal 
protocol of follow-up of these patients. The ultrasounds(US) 
were studied retrospectively and done between 17 and 34 wks of 
pregnancy. There were 27 omphaloceles (0) and 20 gastroschisis 
{G), Thirty-seven babies were born in our institution and 12 
transferred after birth. The prenatal diagnosis was correct in 
35/47 for an overall accuracy of 74%. There were 12 false 
negative and no false positive. We have found 55% (15/27) of 
associated malformations in 0 and/or associated trisomy 18 (3) 
and 18% (5) with G. Twenty-two (46%) had a therapeutic abortion 
(0: 17, G: 5) of which 18/22 (80%) had major malformations. The 
other babies were operated within 24 hours and a surgical corre- 
lation established {organs involved at surgery and predicted by 
US). Three out of 10 0 died (2 with cardiac anomalies) and 
15/15 (100%) G are alive and well. We have seen 3 pairs of non 
identical twins both having G! The main causes of error were a 
noneechogenic patient, lack of amniotic fluid and the position 
of the fetus. The main points that will improve the accuracy of 
the diagnosis are: the visualization of the insertion of the 
ombilical cord, and the presence or not of a membrane. When a 
diagnosis of & is made, it is important to follow these pregnan- 
cies closely as we have picked up in utero 2 well known compli- 
cations: 1 volvulus and 1 obstruction because of the small size 
of the defect. These 2 babies were born rapidly by cesarian and 
operated on immediately with success. In conclusion, it is very 
important to make the diagnosis of 0 and G as soon as we can 
using the criteria included above. We have to look for 
assoctated anomalies by US and an amniocentesis. When these 2 
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entities seem not to be complicated, the pregnancy is allowed to 
go on and closed follow-up is needed espacially in G. Overall 
in our series, the prognosis of the 0 is worse than the G as 25% 
(7/27) of the 0 are alive and well and 75¢ (15/20) for the G. 


DETECTION OF NEUROBLASTOMA WITH 131] META-IODOBENZYLGUANIDINE 


Conway JJ, Weiss S, Cohn S, Karesh S, (Children's Memorial 
Hospital, Chicago, IL, 60614), Gaynon P, (Wyler Children's 
Hospital, Chicago, IL, 60637). 


l Meta-iodobenzylguanidine (331, HIBG) is a radiophar~ 
maceutical which localizes in neurosecretory granules of adren- 
ergic tissue. Meta-iodobenzylguanidine is an analog of Norepi~ 
nephrine. I MIBG has been used successfully to localize 
pheochromocytoma and other paraganglioma tumors. It has recently 
been shown to also localize. in neuroblastoma. Some localization 
occurs normally in the liver, heart, salivary glands, adrenal 
glands, kidney and bladder but this can be differentiated from 
abnormal tumor localization. 

We studied 11 children with 1311 MIBG scintigraphy between 
August and November, 1985. All had documented neuroblastoma. 
Only one patient was studied prior to any therapy and there 
was an intense localization of the radiopharmaceutical in a 
mediastinal neuroblastoma. In an infant with Stage IVS nevro- 
blastoma of the liver, increased localization was noted in the 
liver 11 weeks after receiving 350 rads to the liver in a single 
administration at two days of age. The liver diminished to 
normal size following radiotherapy. Another child had residual 
masses in the adrenal and pelvis areas five years following 
diagnosis, attempted surgical rémoval on three occasions, radio- 
therapy and multiple courses of intensive chemotherapy. There 
was localization in the pelvis but not the adrenal area. Of 
interest, previous second~look biopsies of these sites demon~ 
strated maturation of the adrenal mass to elements of ganglio- 
neuroma but persistent neuroblastoma in the pelvis mass. 

lI MIBG scintigraphy utilizes a physiologic meehanism 
for imaging neuroblastoma. Our limited early experience 
suggests that there is a sensitivity and specificity for 
neuroblastoma tissues which may allow noninvasive staging of 
neuroblastoma, 


Kevlar® Cassettes: Further Reduction in Radiation 
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Exposure During Routine Pediatric Radiography 


Wesenberg RL,Amundson GM, Mueller DL (Alberta 
Children’s Hospital, Calgary, Alberta, CA T2T 5C7)., 


The Alberta Children's Hospital has replaced all 
radiographic cassettes i the Department of 
Radiology with DuPont Kevlar@ fiber front cassettes, 
Kevlar was selected because of its low x-ray 
absorption characteristics, allowing a 30 to 37.52 
reduction in radiation exposure aver that commonly 
utilized with conventional cassettes. Along with 
the decreased radiation exposure to the patient, 
there is a subtle improvement in image quality. The 
cassettes have now been utilized in over 1000 
routine pediatric radiographic exeminations ranging 
from chest films to scoliosis series. The Kevla 
cassettes are used in combination with a 700 speed 
yttrium tantalate rare-earth screen (Quanta Fast 
Detail) and relatively fast film (Cronex 4L) plus an 
erbium rare-earth beam filter on the x-ray tube. 
The addition of the E E results in what 
is effectively, from a radiation exposure stand- 
point, a 2000 speed system (1/20th the radiation 
dose of a par speed system). Kevlar cassettes are 
cost~effective when amortized over a 5 year period. 
From our experience, it is quite practical to 
convert an entire pediatric radiology department to 
high technology Kevlar cassettes. 
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Kuhn JP, Seidel FG (Children's Hospital, Buffalo, NY 14222). 


Because of the increasing interest in out-patient imaging, 
we have performed a study to evaluate the feasibility of 
providing interpretation of pediatric radiographs by tele- 
radiology at a site remote from a children's hospital. 
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A commercially available digital teleradiology unit was 
installed in a radiology office 15 miles from our children's 
hospital. Digitized images were transmitted over ordinary phone 
lines to a receiving unit installed in the hospital. A series 
of 100 test cases was evaluated. Accuracy of greater than 95% 
was achieved and the unit was then placed into clinical use for 
transmission of films for which urgent interpretation was 
requested. All cases were viewed initially and reported on the 
teleradiology unit. The original radiographs were then reviewed 
later in the day, normally by the same radiologist. Over 500 
cases have been transmitted and interpreted; only very minor 
discrepancies have been noted between the teleradiology 
interpretations and the interpretations of the actual films. 


Drawbacks of the system include a relative lack of spatial 
resolution and limitations in contrast range particularly if the 
original film is overexposed. Image enhancement programs have 
been developed to compensate for these limitations. We believe 
the system can be used accurately for remote interpretation of 
pediatric radiographs. With the availability of a larger 
storage disc, the system has the potential to serve as a limited 
PACS system and has promise as a teaching tool. 
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Cohen MD, Smith JA, Cory DA (Riley Hospital for Children, Indiana 
Univ. School of Medicine, Indianapolis, IN 46223). 





There are conflicting reports of the appearance of blood and 
blood clot as seen in the human body by magnetic resonance 
imaging. This study was designed to demonstrate the normal in 
vitro appearance of human blood and various blood products in the 
fresh state and to evaluate the changing appearance over a period 
of two weeks. Old stored plasma and red blood cells were also 
studied. All the studies were done on a Technicare 0.15 resistive 
scanner. The blood and blood products are kept at a temperature 
o£ 10°C or 37°C. Anticoagulated whole blood, plasma, serum, white 
cell concentrates, platelet concentrates, lysed red cells, red 
cell concentrates and blood clot were studied. Serial images of 
the various blood products in test tubes were obtained for periods 
up to 14 days. Tl relaxation time measurements were also 
obtained. 


The results indicate a similar Tl relaxation time of plasm and 
serum; and of lysed and intact erythrocytes. Tl relaxation times 
of serum and plasm initially rose and then fell. Tl relaxation 
times of red blood cells, clot and packed red blood cells fell for 
48 hours and then remained steady for 10 days. Platelets and 
white blood cells had little effect on the MR image. Temperature 
had a significant effect on image intensity, Tl relaxation time 
and changes in Tl relaxation times during the 14 days of. the 
study. 
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Burrows PE (Hospital for Sick Children, Toronto, Canada M5G 1X8), 
Lasjaunias P (Hopital de Bicetre, Universite Paris IX, France), 
Terbrugge K (Toronto Western Hospital, Toronto, Canada M5T 258), 
Flodmark 0 (Vancouver Children's Hospital, Vancouver, Canada). 


This report describes embolization procedures of the head and 
neck performed on an urgent or emergent basis in 33 consecutive 
infants and children up to 15 years of age, since 1980. Indication 
for emergency embolization included potential loss of vision due to 
occlusive orbital (palpebral) hemangiomas; respiratory obstruction 
due to subglottic hemangiomas and vascular malformations (YM); 
severe hemorrhage related to VM, trauma and coagulopathy; 
congestive cardiac failure in the presence of cerebral (Galenic) VM 
and dural AVM; and traumatic aneurysm. 

Indications for urgent embolization included moderate bleeding 
from VM; functionally important masses, usually hemangiomas 
producing maxillo-mandibular maldevelopment or hypertelorism; and 
congestive cardiac failure in the presence of dural AVM. The 
lesions fell into the following etiologic categories: 19 vascular 
malformations (including 7 predominantly lymphatic YM), 10 
hemangiomas, 1 giant carotid artery aneurysm, 1 aneurysmal bone 
cyst and 2 children with epistaxis and systemic coagulopathy. 

Among the 33 patients, embolization was efficacious in 30. 
Technical failure occurred in one patient with a right aortic 
arch. Two cervical lymphatic VM's did not respond to embolization; 
the others decreased in size following embolization of the vascular 
component. Bleeding and congestive heart failure were satis- 
factorily controlled in all other patients with VM. Among the 
hemangiomas, 3 osseous lesions were successfully resected post 
embolization and the remainder showed satisfactory regression. One 
complication (necrosis of the anterior 1/3 of the tongue) occurred. 
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News 





Breast Imaging Conference 


The sixth Annual Conference in Breast Imaging sponsored by the 
Medical College of Wisconsin. Dept. of Radiology and Continuing 
Medical Education and Ausonics Corporation of Milwaukee will be 
held at the Wyndham Hotel Sea World in Orlando, FL, Oct. 5-7. This 
conference is designed for physicians, nurses, technologists, and 
other allied health professionals involved in diagnosis, treatment, and 
management of breast disease. Category 1 credit: 24% hr. Fee: 
$350: physicians; $275: nurses, allied health personnel; $500: com- 
mercial. Information: program coordinator, Sandra L. Hagen-Ansert, 
U.C.S.D. Medical Center, San Diego, CA 92103. Registration infor- 
mation: Sixth Annual Breast Imaging Conference; MB Unit 9402, 
Milwaukee, WI 53268. 


Southeast Magnetic Resonance Conference 


The 1986 Southeast Magnetic Resonance Conference will be held 
Oct. 8-10, 1986, in Nashville, TN, hosted by Vanderbilt University. In 
addition to general plenary sessions, there will be special basic 
science or clinical tracks, with 44 invited speakers. Category 1 credit 
available. Fee: $50 for physicians wanting CME credit, $20 for others. 
Information: Southeast Magnetic Resonance Conference, Division of 
Continuing Medical Education, Vanderbilt University Medical Center, 
Nashville, TN 37232; (615) 322-4030. 


New Orleans Radiology Conference 


The Fall Radiology Conference sponsored by LSU Medical Center 
will be held at The Royal Orleans Hotel, New Orleans, LA, on Oct. 
23-25. The conference will feature sessions on neuroradiology, re- 
cent advances in myelography, interventional radiology, MR, and CT. 
Guest faculty: O. W. Houser, J. Rabinowitz, C. Tegtmeyer, and V. 
Hegedus. Category 1 credit: 20 hr. Fee: $300: physicians; $200: 
residents. Information: Office of Continuing Education, LSU School 
of Medicine, 1542 Tulane Ave., New Orleans, LA 70112; (504) 568- 
6085. 


Radiology Service Development Seminar 


The American Hospital Association (AHA) is sponsoring New Op- 
portunities in imaging Services, Oct. 27-28, 1986, in Philadelphia. 
There will be sessions on the development and marketing of breast 
diagnostics, osteoporosis screening, outpatient vascular diagnosis 
and intervention, and MR. Various models for the organization of 


outpatient imaging will be presented, as well as strategies to capture 
a greater share of the HMO market. Selected lecturers: F. D. Rollo, 
L. Avioli, L. Repa-Eschen, G. Freedman, W. Casarelia, R. Evens, E. 
O. Templeton, and P. Gebhard. Fee: $395 for AHA and ACR mem- 
bers, $450 for nonmembers, $325 for additional attendees from same 
institution. Information: Mark Goodhart, Division of Clinical Services 
and Technology, AHA, 840 N. Lake Shore Dr., Chicago, IL 60611; 
(312) 280-6026. 


University of California, San Francisco Courses 


The following courses in radiology postgraduate education will be 
sponsored by UC San Francisco: Diagnostic. Radiology Seminars, 
Nov. 3-7, 1986, Maui Marriott Resort, Maui, Hawaii; Diagnostic 
Radiology Seminars, Jan. 19-23, 1987, Camino Real, Ixtapa, Mexico; 
Diagnostic Radiology Seminars, Feb. 1-6, 1987, The Gant, Aspen, 
CO; Diagnostic Radiology Seminars, Feb. 22-27, 1987, Shadow 
Ridge, Park City Utah; Diagnostic Imaging: 1987, March 16-21, 1987, 
Waichai, Kauai, Hawaii. Information: Radiology Postgraduate Edu- 
cation, Rm. 324, University of California, San Francisco, CA 94143- 
0628; (415) 476-5731. 


Progress in impotence: Diagnosis and Therapy 


The University of California, San Diego, and the Urological Re- 
search and Education Fund will present Progress in Impotence: 
Diagnosis and Therapy at the U. S. Grant Hotel, San Diego, CA, Nov. 
13-15, 1986. (Note that this conference date has been changed from 
Sept. 9-20). This in-depth 2-day interdisciplinary symposium will 
discuss new concepts regarding the physiology of erection, the 
causes of impotence, and radiologic imaging procedures in defining 
causes and therapy of impotence. Radiologic aspects will include 
angiographic research in an animal model, pharmacoarteriography, 
pharmacocavernography, pharmacocavernometry, sonography, MR, 
and possibilities of transluminal angioplasty. Workshops will be of- 
fered in angiography, vascular surgery, and other topics. Faculty: |. 
Goldstein, T. Lue, G. Benson, J. Bookstein, L. Parsons. Credit: 13 
hr. Fee: $295. information: Edith Bookstein, Conference Management 
Associates, P.O. Box 2586, La Jolla, CA 92038; (619) 343-3212 
(Pacific Coast Time) 


American Radiological Nurses Association Meeting 


The annual meeting of ARNA will be held on Nov. 29—Dec. 3, 1986, 
in conjunction with the RSNA meeting in Chicago, IL. The theme of 
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ARNA’s educational forum is “The key to quality patient care.” 
Information: Elaine Deutsch, Pres., 502 Forest Ct., Carrboro, NC 
27501; (919) 966-1461. 


international Continuing Medica! Education Series 


Boston University School of Medicine will sponsor the following 
courses. Category 1 credit: 20 hr, (except 24 hr, where noted). Fee: 
$350, physicians. Maui, Hawaii: Controversies in Medicine & Neurol- 
ogy, Dec. 2-9, 1986; Cancun, Mexico: Advances in Pediatric Clinical 
Care, Dec. 24, 1986~Jan. 2, 1987; St. Moritz, Switzerland: Contro- 
versies in Medicine & Surgery, Jan. 16-24, 1987, Jan. 23-31, 1987 
(24 hr); Maui, Hawaii: Clinical Update in Medicine & Surgery, Feb. 
10-17, 1987, Feb. 17-24, 1987; Banff, Canada: Topic to be an- 
nounced, Mar. 14-21, 1987; Japan: Topic to be announced, Apr., 
1987 (24 hr); Bermuda: Topic to be announced, May 20-26, 1987; 
ireland: Topic to be announced, June, 1987 (24 hr); Pebble Beach, 
CA: Topic to be announced, July 24-30, 1987; Gstaad, Switzerland: 
Topic to be announced, Aug., 1987 (24 hr); Banff, Canada: Topic to 
be announced, Sept. 5-12, 1987. Information: Dept. of CME, Boston 
University School of Medicine, 80 E. Concord St., Boston, MA 02118; 
(617) 638-4605. 


Los Angeles Radiological Conference 


The Continuing Education Committee of The Los Angeles Radio- 
logical Society will sponsor its 39th annuél midwinter conference for 
1987 from Jan. 30-Feb. 1 at the Century Plaza Hotel, Los Angeles, 
CA. Guest faculty: M. Dalinka, J. Ferruci, J. Lee, T. Naidich, T. Sos, 
L. Talner, and R. Zimmerman. Category 1 credit: 21 hr. Fee (2-day 
participation): $200: residents, technologists; $250: LARS members; 
$300: non-LARS members. Fee (3-day participation): $250: residents, 
technologists: $300: LARS members; $350: non-LARS members. 
Their 13th annual postconference seminar will be held Feb. 3-7, 
1987, at the Hyatt Regency, Maui, Kaanapali, Maui, Hawaii. Postcon- 
ference speakers: M. Dalinka, E. R. Heitzman, J. K. T. Lee, and R. 
A. Zimmerman. Category 1 credit: 18 hr. Fee: $375: physicians; 
$275: residents. information: Los Angeles Radiological Society, Attn: 
Diane L. Johnson, MWR, P.O. Box 91215, Los Angeles, CA 90009- 
1215; (213) 642-0921. 


Big Sky Radiology Conference 


The 11th annual Big Sky Radiology Conference, sponsored by the 
Dept. of Radiology, Columbus Hospital, Great Falls, MT, will be held 
Feb. 8-13, 1987, at Huntley Lodge, Big Sky, MT. General areas 
presented will be: pediatrics, sonography, CT, neuroradiology, and 
emergency room radiology. Category 1 credit: 20 hr. Fee: $300. 
information: Audrey Goyette, Educational Services Dept., Columbus 
Hospital, 500 15th Ave. S., Great Falis, MT 59405; (406) 727-3333, 
ext. 5592. 


Palm Beach Magnetic Resonance Imaging Update 


Boston University Medical Center and JFK Memorial Hospital, Lake 
Worth, FL, will sponsor an MRI update course on Feb. 8-11, 1987, 
at the Hyatt Palm Beaches, West Palm Beach, FL. Category 1 credit: 
18 hr. Fee: $385: physicians; $285: residents, technologists. Course 
directors: Allan M. Green, Neil Steimetz. Information: Dept. CME, 
Boston University School of Medicine, 80 E. Concord St., Boston, 
MA 02118; (617) 638-4605. 
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Diagnostic Radiology and Nuclear Medicine 


The Dept. of Radiology of the Bowman Gray School of Medicine 
will hold its seventh annual winter continuing education meeting, Feb. 
21-28, 1987, at the Frenchman's Reef Beach Resort, St. Thomas, 
U. S. Virgin Islands. A variety of topics will be covered, and the 
following Bowman Gray faculty will participate: Drs. Moody (program 
director), Bechtold, Choplin, Dyer, Formanek, Gelfand, Klein, May- 
nard, and Watson. Category 1 credit: 23 hr. Fee: $500. Registration 
is limited to 100 participants. Information: Carolyn Shaver, Dept. of 
Radiology, Bowman Gray School of Medicine, Winston-Salem, NC 
27103; (919) 748-2470. 


Society for Magnetic Resonance Imaging 


The fifth annual meeting of the SMRI will be held Feb, 28—March 
4, 1987, at the Hilton-Palacio del Rio Hotel, San Antonio, TX. The 
meeting will be divided into two sessions: field strength, joint ven- 
tures, and manufacturers’ symposium; educational program: clinical 
techniques and principles of MR, neurologic applications of MR, 
cardiac and vascular images, clinical studies of musculoskeletal sys- 
tem, pulse sequences and image contrast, equipment choices and 
magnet selection, costs, economics, site planning, and safety consid- 
erations. Faculty: P. A. Bottomley, W. G. Bradley, Jr., B. Flannigan, 
G. Fullerton, J. G. Gore, C. Higgins, R. Lufkin, K. Maravilla, M. T. 
Modic, R. Nunnally, V. Runge, F. W. Smith, D. Stark, F. W. Wehrii, 
J. Weinreb. Information: SMRI Secretariat, 1340 Old Chain Bridge 
Rd., Ste. 300, McLean, VA 22101; (703) 790-1745. 


Meeting and Course Review 


For reader convenience, a summary of upcoming meetings and 
courses is provided. Detailed listings in the AJR issues are noted in 
parentheses. 


European Symposium, Oct. 1-4, Vienna (March) 

American Board of Radiology Examinations, Oct. 2-3; Oct. 6-7; 
Oct. 8-9; June 8-12, 1987; May 23-27, 1988. 

Courses in Diagnostic Ultrasound, Oct. 6-Nov. 7, Winston-Salem, 
NC (July) 

Angiography and interventional Radiology, Oct. 6-9, Cambridge, 
MA (Sept) 

AFIP Seminar in Pulmonary and Mediastinal Diagnosis, Oct. 6-9, 
Bethesda, MD (Sept) 

Practical Radiology, Oct. 6-9, Charlottesville, VA (Aug) 

University of Texas Continuing Medical Education, Diagnostic 
Radiology, Oct. 9-11; Sixth Semi-Annual Fundamentals of MRI, 
Nov. 5-8; Radiation Safety Officer's Course, Jan. 5-9, 1987, or 
May 18-22, 1987; Radiotherapy Treatment Planning Anatomy, 
Jan. 26-30, 1987; Basic Radiological Health, Feb. 9-13, 1987; 
Review of Radiation Calculations, Feb. 16-18, 1987: Advanced 
Radiological Health, May 11-15, 1987, San Antonio, TX (ail in Sept) 
Advanced Neuroradiology, Oct. 9-11, Orlando, FL. (July) 
Sonography and OB/GYN, Oct. 10-11, Sacramento, CA (July) 

San Diego Course: Postgraduate Course, Oct. 13-17, San Diego, 
CA (Sept) 

Society for Medical Decision Making, Oct. 19-22, 1986, Chicago, 
IL. (Sept) 

Mammography Course, Oct. 20-23, Boston, MA (Feb) 

Chest Disease, Postgraduate course, Oct. 20-23, 1986, Boston, 
MA (Sept) 

Diagnostic Radiology of the TMJ, Oct. 23-26, Marco Island, FL 
(Aug) 
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Weekend courses. Frontiers in Chest Diagnosis, Bone and Geni- 
tourinary Imaging, Nov. 3-7, Marbella, Spain (Feb) 

Diagnostic Radiology Seminar, Nov. 3-7, Maui, Hawaii (July) 
interventional Radiology for Practicing Physicians, Nov. 5-7, 1986, 
Charleston, SC (Sept) 

Gastrointestinal Cancers, conference, Nov. 12-14, Houston (May) 
Radiology Seminar, Gastrointestinal Diseases, Nov. 14-16, 
Scottsdale, AZ (Aug) 

Brachytherapy of Choroidal Melanoma, Nov. 20-21, New York 
(Aug) 

MRI for Technologists, Dec. 5-6, Houston (June) 

indian Radiation Oncology Congress, Dec. 5-7, Bombay (April) 
International Symposium on Breast Cancer, Jan. 1-4, 1987, New 
Delhi, India (Aug) 

International Symposium on MR 1987, Jan. 29-Feb. 1, 1987, Gar- 
misch-Partenkirchen, Bavaria (Aug) 

Perspectives on Imaging Modalities, Feb. 2-6, 1987, Cancun, 
Mexico (Sept) 

Gastrointestinal Radiologists Meeting and Course, Feb. 8-13, 
1987, Scottsdale, AZ (Aug) 

Thoracic imaging 1987, Feb. 16-19, Orlando, FL (May) 

Radiation Research Society Meeting, Feb. 22-26, 1987, Atlanta, 
GA (July) 

Advanced Perinatal Ultrasound Seminar, Feb. 26-28, 1987, Lake 
Buena Vista, FL (Aug) 

Alexandria International Conference on Laryngeal Cancer, April 
1-2, 1987, Alexandria, Egypt (Sept) 

American Radium Society Meeting, April 6-10, 1987, London (Aug) 
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Annual Meeting, National Council on Radiation Protection and 
Measurements, April 8-9, 1987, Bethesda, MD (Sept) 

Fieischner Society Annual Symposium, May 21-23, 1987, San 
Francisco, CA (July) 

1987 Radiology Congress, Lisbon, May 31-June 6, 1987 (Aug) 
EUROSON ’87, June 14-18, 1987, Helsinki, Finland (Sept) 
International Conference on Computer Assisted Radiology. July 
1-4, 1987, West Berlin (Feb) 

Sarcoidosis and Granulomatous Disorders, congress, Sept. 6-11, 
1987, Milan (June) 

Copenhagen Symposium on Uroradiology, Sept. 7-10, 1987, Co- 
penhagen, Denmark (Sept) 


AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 4 
months before the event. There is no charge; receipt of items 
by the AJA Editorial Office is not acknowledged. Submit items 
for publication typed double spaced. Provide title, date, loca- 


tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will not.be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJR Editorial Office, 2223 Avenida de la 
Playa, Suite 200, La Jolla, CA 92037. 





Classified Advertising 


Positions Available 


NEW YORK CITY SUBURBAN PRACTICE seeks 
board-certified radiologist. Hands-on ultrasound 
skills essential. Solid imaging knowledge. Per- 
sonality counts. High pay with early partnershi¢ 
for special individual. CV to Box 18, Meacham 
Station, Elmont, NY 11003. 10-11a 


BOARD-CERTIFIED RADIOLOGIST-Six man 
radiology group seeks new associate with fellow- 
ship training in CT/ultrasound. The group pro- 
vides complete radiologic services in fully- 
equipped 500 bed hospital with two G.E. 9800 
CT scanners, and Acuson and Diasonics ultra- 
sound. Private out-patient office also covered by 
the group. Send CV to Eric R. Rosenberg, M.D.. 
Dept. of Radiology, New Hanover Memorial 
Hospital, Wilmington, NC 28403. 10~12a 


DIAGNOSTIC RADIOLOGY-Immediate opening 
for well-qualified BC/BE radiologist to join pro- 
gressive group in 260-bed full-service community 
hospital in southern Illinois. All modalities are 
available. Excellent salary leading to early part- 
nership. Please send CV to Richard A. Rudman. 
M.D., 13 Orchard Drive East, Centralia, IL 62801 
or call St. Mary’s Hospital (618) 532-6731 ext. 501 
or home (618) 533-2066. 10a 


STAFF RADIOLOGISI-The University of Virginia, 
School of Medicine and its affiliated hospitals 
program are seeking a full-time staff radiologist 
for its VA Medical Center. Candidates must have 
an MD degree, be board certified or board eligi- 
ble in radiology, eligible for licensure in Virginia, 
and eligible for appointment with the University 
of Virginia School of Medicine. Candidates must 
demonstrate experience with general radiology, 
interventional radiology, CT, ultrasound, and 
teaching. A clinical research interest is also 
desirable. Send CV with references to Charles 
J. Schleupner, M.D., Chairman, Search Commit- 
tee for Chief, Radiology, Infectious Diseases Sec- 
tion (111L), VA Medical Center, Salem, VA 24153. 
EEO employer. 10a 


CHIEF OF RADIOLOGY-The University of 
Virginia School of Medicine and its affiliated 
hospitals program are seeking a full-time Chief 
of Radiology for its VA Medical Center. Candi- 
dates must have an MD degree, be board carti- 
tied in radiology, eligible for licensure in Virginia, 
and eligible for appointment with the University 
of Virginia, School of Medicine. Candidates 
should be knowledgeable in the broad aspects 
of radiology, demonstration of prior teaching, ad- 
ministrative experience, and leadership ability is 
desirable. Send CV with references to Charles 
J. Schleupner, M.D., Chairman, Search Commit: 
tee for Chief of Radiology, Infectious Diseases 
Section (111L), VA Medical Center, Salem, VA 
24153. EEO employer. 10a 


RADIOLOGY FACULTY POSITIONS. The Dept. 
of Radiology of the State University of New York, 
School of Medicine at Stony Brook is currently 
recruiting two radiologists to keep pace with the 
rapid growth of its state-of-art division of body CT 
and ultrasound. Located on the highly desirable 
North Shore of Long Island, with convenient ac- 
cess to New York City, the Health Sciences 
Center and 540-bed University Hospital provide 
the benefits of academic practice in a suburban 
setting. Requirements include board certification 
in diagnostic radiology and post-residency train- 
ing in body CT and ultrasound. Send CV to Rager 
Baim, M.D., Dept. of Radiology, School of 
Medicine, Health Sciences Center, Level 4, Room 
147, State University of New York at Stony Brook, 
Stony Brook, NY 11794. 10a 


NEURORADIOLOGY/MAI. Private clinic seeks 
board certified radiologist with MRI experience 
to oversee and direct diagnostic center. Exceilent 
salary and recreational activities. Reply: PO. Box 
292527, Davie, FL 33324. 6-10ap 


RADIOLOGY FACULTY POSITION. The Dept. of 
Radiology of the State University of New York, 
School of Medicine at Stony Brook is currently 
recruiting a skeletal radiologist to keep pace with 
the rapid growth of its University Hospital and or- 
thopedic service. Located on the highly desirable 
North Shore of Long Island, with convenient ac- 
cess to New York City, the medical center pro- 
vides the benefits of academic practice in a 
suburban setting. Candidates should be board 
eligible or board certified having completed an 
accredited training program. Fellowship training 
or practice experience is desirable. Send resume 
to Morton A. Meyers, M.D., Professor and Chair- 
man, Dept. of Radiology, School of Medicine, 
Health Sciences Center, SUNY Stony Brook, 
Stony Brook, NY 11794. SUNY Stony Brook is an 
affirmative action/equal opportunity educator and 
employer. 10a 


RADIOLOGY FACULTY POSITION. The Dept. of 
Radiology of the State University of New York, 
School of Medicine at Stony Brook is currently 
recruiting a pediatric radiologist to keep pace 
with the rapid growth of its University Hospital 
and pediatric service. Located on the highly 
desirable North Shore of Long island, with con- 
venient access to New York City, the medical 
center provides the benefits of academic prac- 
tice in a suburban setting. Candidates should be 
board eligible or board certified having com- 
pleted an accredited training program. Fellow- 
ship training or practice experience is desirable. 
Send resume to Morton A. Meyers, M.D., Pro- 
fessor and Chairman, Dept. of Radiology, School 
of Medicine, Health Sciences Center, SUNY 
Stony Brook, Stony Brook, NY 11794. SUNY 
Stony Brook is an affirmative action/equal oppor- 
tunity educator and employer. 10a 


CHIEF, BODY CT. The Dept. of Diagnostic 
Radiology of William Beaumont Hospital, a ma- 
jor tertiary care and academic institution in 
Michigan, is seeking a candidate to direct the 
division of body CT and participate in MR. Can- 
didates must be board certified in diagnostic 
radiology and have significant academic 
achievements, Income is negotiable and com- 
petitive. Send CV to Jalil Farah, M.D., Director, 
Diagnostic Radiology, William Beaumont Hospi- 
tal, 3601 West 13 Mile Road, Royal Oak, MI 
48072. 10-12a 


RADIOLOGY FACULTY~CHIEF POSITION. 
University and VA Hospital seeking board- 
certified radiologist for position of Chief of 
Radiology, commencing Sept. 1, 1986. Cross- 
appointment with medical school at appropriate 
rank. Candidates should have extensive clinical 
radiology experience as well as administrative 
talents. Position located in San Antonio, one of 
America’s most charming cities. Replies and CVs 
should be sent to Elliot Weser, M.D., Chief, 
Medicine Service, AMVAH, 7400 Merton Minter 
Blvd., San Antonio, TX 78284. 10a 


RADIOLOGIST-The Dept. of Radiology of the 
Brigham and Women’s Hospital—Harvard 
Medical School wishes to recruit a staff for posi- 
tions in thoracic and skeletal radiology. These 
positions offer diverse clinical work and oppor- 
tunities for research and teaching. Rank and 
salary commensurate with experience. Evidence 
of interest in academic radiology and certifica- 
tion by the American Board of Radiology are pre- 
ferred. We are an equal opportunity, affirmative 
action employer. Please send CV in canfidence 
to B. Leonard Hoiman, M.D., Acting Chairman, 
Dept. of Radiology, Brigham and Women’s 
Hospital, 75 Francis St., Boston, MA 02115. 10a 


TWO YOUNG RADIOLOGISTS seek a third radi- 
ologist in expanding hospital-based practice near 
Canadian border in northern New York. All 
modalities availiable. Write P Berman, HC 61 Box 
454, Massena, NY 13662. 8~7a 





DIAGNOSTIC RADIOLOGIST/INTERVEN- 
TIONAL RADIOLOGIST. The Dept. of Radiology 
at the University Hospital of Jacksonville/Univer- 
sity of Florida College of Medicine is seeking an 
additional staff radiologist with special interest, 
expertise, or training in interventional radiology. 
Fellowship training is preferable. Salary and 
fringe benefits are competitive with other similar 
positions. Academic appointment will be at the 
assistant professor, associate professor level 
depending on the qualifications of the applicant. 
Application recruiting deadline is December 15, 
1986 with an anticipated starting date of July 1, 
1987. Interested applicants are invited to forward 
their CV and names and addresses of three 
references to H. Martin Northup, M.D., Chairman, 
Search Committee, Dept. of Radiology, Univer- 
sity Hospital of Jacksonville, 655 West 8th St., 
Jacksonville, FL 32209. EEO/AAE. 10a 


DIAGNOSTIC RADIOLOGIST/PULMONARY 
RADIOLOGIST. The Dept. of Radiology at the 
University Hospital of Jacksonville/University of 
Florida College of Medicine is seeking an addi- 
tional staff radiologist with special interest, exper- 
tise, or training in pulmonary radiology. Fellow- 
ship training is preferable. Salary and fringe 
benefits are competitive with other similar posi- 
tions. Academic appointment will be at the assis- 
tant professor, associate professor level depend- 
ing on the qualifications of the applicant. Appli- 
cation recruiting deadline is December 15, 1986 
with an anticipated starting date of July 1, 1987. 
interested applicants are invited to forward their 
CV and names and addresses of three refer- 
ences to H. Martin Northup, M.D., Chairman, 
Search Committee, Dept. of Radiology, Univer- 
sity Hospital of Jacksonville, 655 West 8th St., 
Jacksonville, FL 32209. EEO/AAE. 10a 


DIAGNOSTIC RADIOLOGIST/SKELETAL 
RADIOLOGIST. The Dept. of Radiology at the 
University Hospital of Jacksonville/University of 
Florida College of Medicine is seeking an addi- 
tional staff radiologist with special interest, exper- 
tise, or training in skeletal radiology. Fellowship 
training is preferable. Salary and fringe benefits 
are competitive with other similar positions. 
Academic appointment will be at the assistant 
professor, associate professor level depending 
on the qualifications of the applicant. Application 
recruiting deadline is December 15, 1986 with an 
anticipated starting date of July 1, 1987. In- 
terested applicants are invited to forward their CV 
and names and addresses of three references 
to H. Martin Northup, M.D., Chairman, Search 
Committee, Dept. of Radiology, University 
Hospital of Jacksonville, 655 West 8th St., 
Jacksonville, FL 32209. EEO/AAE. 10a 


RADIOLOGIST, BOARD ELIGIBLE/BOARD 
CERTIFIED for 75-physician multispecialty group 
in Rocky Mountain region. Practice to include 
hospital and office diagnostic radiology. Special 
imaging training is necessary. Practice includes 
angiography, invasive techniques, nuclear 
medicine, and sonography. Send CV to Box G68, 
AJR (see address this section). 10a 


AGGRESSIVE DIAGNOSTIC RADIOLOGY 
GROUP in need of new associate. Must be board 
certified and would prefer multi-talented back- 
ground including interventional radiology, 
nuclear medicine, ultrasound, CT, and MRI ex- 
perience. Our group covers 4 hospitals including 
regional trauma center and 2 offices. Located in 
The Sparkling City by the Sea. Kindly send CV 
to Richard P. Chepey, M.D., 2481 Morgan Ave., 
PO. Box 5608, Corpus Christi, TX 78405. 7-10ap 


BOARD CERTIFIED diagnostic radiologist. All 
diagnostic modalities except MR. MR installation 
planned in 1% years. Busy in-patient and out- 
patient practice. Salary negotiable and early part- 
nership available. Send CV to Box C23, AJR (see 
address this section). 6xa 
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RADIOLOGIST. Opening for part-time and full- 
time, board-certified or board-eligible diagnostic 
radiologists. Large group practice, 2 offices, 3 
hospitals, 860 beds. General radiology, CT, ultra- 
sound, nuclear medicine, MRI pending (angio-IV 
positions filled). Located in Lower Bucks County, 
PA and Mercer County, NJ, between Philadelphia 
and Princeton. Prefer postresidency fellowship 
or practice experience. Available immediately, 
will consider for July 1987. Send CV to S.L. 
Meshkov, M.D., 838 W. State St., Trenton, NJ 
08618. 10a 


FACULTY POSITION AVAILABLE IN 
DIAGNOSTIC BODY IMAGING. Assistant Pro- 
fessor/Associate Professor of Radiology, Univer- 
sity of Colorado School of Medicine. Specialty: 
ultrasound, body CT, body MRI; Prerequisites: 
Completion of body-imaging fellowship or ultra- 
sound fellowship; board eligibility or board cer- 
tified in diagnostic radiology. New diagnostic im- 
aging center now under construction at Univer- 
sity Hospital that will house a new. high-speed 
Picker 1200 CT Scanner, over 15 state-of-the-art 
ultrasound systems, and a new .35 Telsa Diasonic 
MRI Scanner. Position to share in all clinical, 
research, and teaching responsibilities with other 
faculty and two fellows in body imaging. Over 
7,000 diagnostic ultrasound procedures are per- 
formed annually in all areas of imaging including 
obstetrical, abdominal, and adult cardiac. Salary 
and position commensurate with experience. 
Contact: Michael L. Manco-Johnson, M.D., Pro- 
fessor and Acting Chairman, Director of Body Im- 
aging, Department of Radiology, University of 
Colorado School of Medicine, 4200 E. Sth Ave., 
C277, Denver, CO 80262 (303) 394-7719. Univer- 
sity of Colorado Health Sciences Center is an af- 
firmative action/equal opportunity employer. 10a 


NEURORADIOLOGIST to join 11-member private 
practice radiology group in southeastern North 
Carolina. Position available for Director of 
Neuroimaging including Neuro MRI. Candidate 
must have at least 2 yr University training in 
neuroradiology with at least 12 months train- 
ing/experience in MRI. Neuroradiologist with ac- 
tive clinical expertise in neurology preferred. 
Please submit CV to Box F46 AJR (see address 
this section). 9-10a 


RADIATION ONCOLOGIST. A 180-member multi- 
specialty group seeks a board certified/ 
board eligible radiation oncologist to expand the 
service offerings of the Oncology Dept. In addi- 
tion to the provision of care, the radiation on- 
cologist will have considerable latitude in the 
design of services including the planning of the 
proposed radiation therapy plant. Duties will in- 
clude design of facilities, selection of equipment, 
and selection and training of personnel. Com- 
munity has 143,000 population and offers three 
universities, fine cultural opportunities and four- 
season recreational activities. Please remit in- 
quiries to Box F48 AJR (see address this section). 
9-10a 


JR. FACULTY POSITIONS at Wayne State 
University, Detroit Medical Center in general 
radiology. Seeking board certified radiologist who 
will spend 50% of the time in general radiology 
and the remainder in sub-speciality interests and 
teaching. Send CV and salary requirements to 
Dr. Thomas Slovis, Children’s Hospital of 
Michigan, Dept. of Radiology, 3901 Beaubien 
Bivd., Detroit, MI 48201. Wayne State University 
is an equal opportunity/affirmative action 
employer. 8-10a 


BOARD CERTIFIED radiologist to do general 
diagnostic work, including CT, US, biopsies, 
mammography, and angio. Special training in 
angio desired. Excellent salary and full partner- 
ship 2nd yr. Busy hospital and office practice in 
suburban Washington, DC area. Send CV to Box 
F50, AJR (see address this section). 9-11a 


CLASSIFIED ADVERTISING 


THE MEDICAL COLLEGE OF GEORGIA 
(Augusta, GA) is seeking a Professor and Chair- 
man for the Dept. of Radiology. The department 
consists of sections of diagnostic radiology (in- 
cluding US, CT, and MRI), nuclear medicine, 
radiation therapy, and medical physics, and has 
approved residency programs in diagnostic 
radiology and radiation therapy. Interested par- 
ties please submit CV by Oct. 30, 1986 to Robert 
R. Nesbit, Jr., M.D., Chairman, Radiology Search 
Committee, Dept. of Surgery, Medical College of 
Georgia, Augusta, GA 30912. EOE/AAP 9-10a 


RADIOLOGIST TO WORK WEEKENDS only with 
large group in exciting Las Vegas, NV. Remainder 
of week free to enjoy Nevada’s unlimited recrea- 
tional activities. University-associated practice. 
Angio not required. Generous salary and fringe 
benefits. Contact Richard Ellis, M.D., 828 Vegas 
Valley Dr., Las Vegas, NV 89109 or call 7am - 4pm 
PDST (702) 369-7774. 9-10a 


GENERAL DIAGNOSTIC RADIOLOGIST, board 
certified to join hospital-based group. 200-bed 
hospital equipped with CT, US, nuclear medicine, 
special procedures, and interventional radiology. 
20,000 exams/yr. Located in Alton, IL, 45 min. to 
downtown St. Louis. Competitive salary leading 
to early partnership. Contact Sumner Holtz, M.D., 
232 So, Woodsmill Rd., Chesterfield, MO 63017 
(314) 434-1500, ext. 4250. 9-11a 


BOARD CERTIFIED RADIOLOGIST. Six man 
radiology group seeks new associate with 6-12 
mo. fellowship/experience in MRI. New 1.5 T unit 
to be operational by year-end. The group pro- 
vides complete radiologic services in fully- 
equipped 500-bed hospital, and private out- 
patient office. Send CV to Eric R. Rosenberg, 
M.D., Dept. of Radiology, New Hanover Memorial 
Hospital, Wilmington, NC 28403. 8-10ap 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Walnut Creek, 
CA 94596; (415) 947-0560. 8xa 


Positions Desired 


BOARD-CERTIFIED RADIOLOGIST seeks part- 
time position in Philadelphia, South Jersey, 
Wilmington, Delaware area. Experienced in all 
imaging and invasive modalities except MRI. 
Reply Box G62, AJR (see address this section). 
10~12b 


PGY-3 RADIOLOGY RESIDENT seeking PGY-4 
position beginning July 1987 at university-based 
program with MRI. Quality U.S. medical graduate. 
Dedicated, hard-working, easy-going. Reply Box 
G64, AJR (see address this section). 10-11b 


POST-DOCTORAL RESEARCH ASSOCIATE/ 
FELLOW in diagnostic radiology seeks position. 
Fully qualified, extensive experience in CT/US, 
installation to intervention. Over 10,000 CT/US 
cases, 500 CT/US intervention, biopsies, 
drainage. Adept also in angiography and general 
radiology. Write Box G66, AJR (see address this 
section) or call (914) 591-6234. 10-11b 


BOARD-CERTIFIED DIAGNOSTIC RADIOLO- 
GIST with interest in all areas of radiology seeks 
position beginning July 1987. Will have com- 
pleted a formal postgraduate fellowship in 
CT/ultrasound/MRI. Have 1-yr extensive ex- 
perience in angiography and interventional 
radiology procedures. Reply 251 Marengo Ave., 
Apt. 4F, Forest Park, IL 60130, (812) 366-0712. 
10-12b 


NEURORADIOLOGIST completing 2-yr-UCSD 
fellowship 6/87 (with 1.5T GE Signa experience 
throughout) seeks private practice position. PO. 
Box 8107, La Jolla, CA 92038. 9-12b 
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Fellowship and Residencies 


POST-DOCTORAL FELLOWSHIP-The Dept. of 
Medical Physics of Memorial Hospital invites ap- 
plications for a postdoctoral training fellowship 
in medical radiological physics of 2-yr duration. 
The purpose of this program is to provide 
qualified experimental physicists with ‘‘on-the- 
job” and didactic training—unique to a few 
hospitals and which cannot be obtained in univer- 
sity courses—in the use of radiation for 
diagnostic and therapeutic purposes with second 
year concentration on a significant research pro- 
ject. This will qualify them for professional 
responsibilities in hospitals and medical research 
institutions in response to a demonstrated need 
for medical radiation physicists capable of high 
standards of performance. To apply send CV and 
list of publications to Gian D. Ragazzoni, Fellow- 
ship Program Coordinator, Dept. of Medical 
Physics, Memorial Sloan-Kettering Cancer 
Center, 1275 York Ave., New York, NY 10021. 
MSKCC is an equal opportunity affirmative ac- 
tion institution. 10c 


GASTROINTESTINAL RADIOLOGY-One-year 
fellowship available at the Hospital of the Univer- 
sity of Pennsylvania starting July 1987. Please 
contact Igor Laufer, M.D., Hospital of the Univer- 
sity of Pennsylvania, 3400 Spruce St., Phila- 
delphia, PA 19104 (215) 662-3263. 10c 


CARDIOVASCULAR-INTERVENTIONAL RADI- 
OLOGY FELLOWSHIP. Two-year program start- 
ing July 1, 1988. Extensive clinical training pro- 
vided in all types of interventional procedures, 
diagnostic angiography, coronary angiography 
and cardiac catheterization, digital imaging, and 
cardiovascular MRI. Optional time available for 
laboratory and/or clinical projects. Contact 
Michael A. Bettman, M.D., Dept. of Radiology, 
Harvard Medical School-Brigham and Women’s 
Hospital, 75 Francis St., Boston, MA 02115. 9-10c 


Tutorials/Courses 


CORTINA, ITALY—LONDON, ENGLAND. Winter 
Congress-Cortina, Jan 31-Feb 7, 1987: Winter 
Seminar-London, Feb 7-11, 1987. Attend one or 
both offering CME | accredited and presented by 
a renowned faculty. Topics in CT, US, MRI with 
correlation. Fees each meeting: to November 14, 
US$395, thereafter US$435 (combined fee 
US$450 and US$495, respectively), Contact 
Medical Seminars International, 21915 Roscoe 
Bivd., Ste. 222, Canoga Park, CA 91304 (818) 
701-5143. 10-12d 


NMR VISITING FELLOWSHIPS in Northern 
California. Intensive structured 1-6 week courses 
in clinical magnetic resonance with emphasis on 
CNS imaging. Integrated live instruction with 20 
hr of dual projection slide presentations in week 
1, extensive teaching file (600 cases), and up- 
dated videotape library. Certificate awarded on 
completion. References from prior fellows avail- 
able. For further information contact: Murray A. 
Sclomon, M.D., San Jose MRI Center, 361 S. 
Monroe St., San Jose, CA 95128. 6~lidp 


HAWAI! 86-11TH ANNUAL INTERNATIONAL 
BODY IMAGING CONFERENCE. Oct. 18-26, 
1986. Diagnostic medical imaging. CME category 
1 credit. Contact: Body imaging Conference, 
Dept. of Radiology, West Park Hospital, 21915 
Roscoe Bivd., Ste. #222, Canoga Park, CA 
91304; (818) 701-5143. 8--10d 


ULTRASOUND AT SEA—Caribbean Cruise. Post 
RSNA CME 1 presented by Dr. Peter Cooperberg. 
Registration: $385 before Oct. 1; $425 thereafter. 
Info: Medical Seminars international, 21915 
Roscoe Blvd., Ste. #222, Canoga Park, CA 
91304, (818) 701-5143. 7-11d 
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Other 


REALIZE THE VALUE of your practice. A group 
of successful and well-qualified radiologists is in- 
terested in acquiring established radiology prac- 
tices. Hospital contracts, clinics, and private of- 
fice settings are desired. Opportunity for radiol- 
ogists considering retirement or reduction in 
practice activities to capitalize on the value of the 
practice they have built up during their careers. 
Alleviate the problems of professional recruit- 
ment or administrative pressures. Practices con- 
sidered throughout the country. Flexible pur- 
chase options with opportunity for continuing 
relationship arrangements. Write Box C49, AJR, 
(see address this section). 6-5e 


AJR Indexes 


AJR CONSOLIDATED INDEXES available in 
limited quantities. Complete your journal collec- 
tion. Order by index number. Indexes available, 
years covered and prices: 2, 1938-1942, $10; 3, 
1943-1947, $22.50; 4, 1948-1952, $23.50; 5, 
1953-1957, $25; 6, 1958-1962, $23.50; 7, 
1963-1967, $30; 8, 1968-1972, $40; 9, 1973-1977, 
$34. Order from: Subscription Dept. Williams & 
Wilkins, 428 E, Preston, St. Baltimore, MD 21202; 
(301) 528-4000, 


CLASSIFIED ADVERTISING 


AJR Classified Advertising Information 


Box Responses and Address for Ad Placement 


Write Box , AJR, Suite 200, 2223 Avenida de la Playa, La Jolla, CA 92037; (619) 
459-2229. 


How to Place an Ad 


AJR accepts classified advertising for Positions Available, Positions Desired, Fel- 
lowships and Residencies, and Tutorials/Courses. Ads are accepted by mail or 
telephone. Institutions should supply purchase orders. 

Rates: $6.00/line with a $30 minimum charge. Box service is $10 additional for each 
month the ad appears. There are discounts for multiple insertions: 10% for 2-3 inser- 
tions; 20% for 4 or more. To estimate lines, count all words and divide by 5.5. 

Billing: Ads may be prepaid or invoices will be sent after the ad appears. 

Deadlines. About 3 weeks before the issue mails. AJA issues mail in the middle 
of the month preceding the cover date (e.g., July mails June 17). For specific deadlines, 
write or telephone the AJR editorial office. 


Estimating Ad Charges 
Line charge: divide total words by 5.5 and multiply by $6.00 .... $ 
Multiple insertions? If so, multiply by number 
Subtotal 
Box response requested? If so, multiply number of months by 


Subtotal 


Discount applies to two or more insertions. Subtract 10% if ad 
appears 2-3 months, 20% if 4 months or more 


Approximate advertising charge 





879 


rep mararamnnuinins 





EMERGENCY RADIOLOGY OF THE 


AcuTELy ILL or ÎNJURED CHILD 
Second Edition 


By Leonard E. Swischuk, MD 

“Only Len Swischuk could produce a book quite like 
this....The reproductions, particularly of soft tissues, 
are superb....A true teacher, [Swischuk] stresses the 
basic facts, the simple, the obvious, the variations, and 
the pitfalls.... This book should be in the library of even 
the smallest radiology department.” — J Can Assoc 
Radiol (of the First Edition) 


1986/622 pages /685 illustrations /*8049-0/$75.00 


COMPUTED TOMOGRAPHY AND 
MAGNETIC RESONANCE IMAGING 


OF THE HEAD AND NECK 
Second Edition 


By Anthony A. Mancuso, MD and William 

N. Hanafee, MD 

with a special contribution from John A. Kirchner, MD 
The leading guide to head and neck imaging now 

includes the first comprehensive discussion of otolar- 

yngologic MRI, an extensively revised chapter on tempo- 

ral bone, extraordinary images generated by state-of- 

the-art equipment, and more. 


1985/504 pages /155 illustrations/#5476-7 /S84.75 


LYMPHATIC IMAGING 
Lymphography, Computed Tomography 
and Scintigraphy | 

Second Edition 


Edited by Melvin E. Clouse, MD and Sidney 
Wallace, MD 


For assistance in selecting, performing and inter- 
preting lymphatic images using state-of-the-art equip- 
ment and techniques, turn to the new Second Edition 
of the only book-length exploration of lymphatic 
evaluation. 

TARRK/RƏR nadec /2AKP ilincetratinne/#1 A51 -2 /SR7.50 


COMPUTED TOMOGRAPHY IN THE 
EVALUATION OF TRAUMA 


Second Edition 


Edited by Michael P. Federle, MD and Michael 
Brant-Zawadzki, MD 

In this new edition you'll find a thorough and up-to- 
date discussion of the clinical indications for CT 
scanning in different types of trauma to virtually all 
areas of the body, keys to techniques of scanning and to 
accurate interpretation, and comparisons of CT to other 
radiographic procedures and laboratory tests. 


1986 /about 300 pages /about 370 illustrations / 
#3102-3/about $58.95 


CLINICAL ARTHROGRAPHY 

Second Edition 

By Rolf-D. Arndt, MD, John W. Horns, MD, and 
Richard H. Gold, MD 


with a special contribution by Donald D. Blaschke, 
DDS 


Including inflammatory diseases and other joint 
abnormalities, the Second Edition retains the emphasis 
on orthopedic disorders as it expands the basie princi- 
ples of arthrography and adds new, recently published 
concepts, such as double-contrast CT arthrography. 


1985/282 pages/147 illustrations/#0256-2/$62.50 
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Williams & Wilkins 


428 E. Preston Street Baltimore, MD 21202 
____ YES! Please rush my copy of 


If not completely satisfied, I may return the books with- 
in 30 days at no further obligation. (US & Canada only). 


PAYMENT OPTIONS 


{Enclose payment or charge your order and Williams & Wilkins will pay all postage 
and handling costs.} 


O Check enclosed O Bill me 
O VISA O MasterCard O American Express 


eard* (LILLIA exp. IL) 


signature/p.o. # 


For fastest service...call 1-800-638-0672 toll free anywhere in 
the US except AK and HI; MD residents call 528-4221 collect. 


Eul Name ae a PON er Wnt sO ae 


Address 


City ee. |: | (ke A | 


AMANGAN AKANI 


haan tee A noite E AA RRR READ RAN OS EMMA NTA TE Inet Ra Renata A iaaa RTS CAAT EA STAY 


One of your toughest jobs is keeping up with the 
many new developments that affect radiology. 
That’s why you want Contemporary Diagnostic 
Radiology...an effective and 
convenient way to perfect your 
skills and maintain your profes- 
sional status. 


Contemporary Diagnostic Radi- 
ology is designed as a continuing 
education program that lets you 
work at your own pace. Every two 
weeks you'll receive an issue that 
covers a single topic or procedure 
in detail. Read the information and 
study the clearly reproduced radi- 
ographs—and then, if you choose, 
respond to a comprehensive 
examination in the strictest confi- 
dence. You set the pace. 

Each biweekly lesson brings you 
pertinent review of the basics in 
bone radiology... gastrointestinal 
radiology... pediatric radiology... 
genitourinary radiology... MR 
imaging... andall of the topics 
you want to know more about. 








nnn e a yorbte AA T N AEE AAAA AANEEN AAAA Eea A SaR On E eha Leith AeneA Baa SEARA MARE COIN Wa Het pE a NE ate tanta ees MA Aeaee Ae E Sap Deenen sg meteg a g at habenrtanneennanataranrarerincen i 


Contemporary Diagnostic Radiology works fwo 
ways. You may choose to subscribe to the non- 
scoring version, receiving every issue as an Impor- 
tant element of your professional 
reading. The scoring version, now- 
ever, supplements your reading 
and computer-coded examina- 
tions with confidential result 
responses, Making you eligible for 
Continuing Medical Education 
credits co-sponsored by the Uni- 
versity of Pennsylvania Schoo! 

of Medicine. 


“As an organization for continu- 
ing medical education, the Uni- 
versity of Pennsylvania School of 
Medicine designates this contin- 
uing medical education activity 
as meeting the criferia for 4 
credit hour per bi-weekly issue in 
Category I for Educational 
Materials for the Physician's 
Recognition Award of the Ameri- 
can Medical Association pro- 
vided it has been completed 
according to instructions.” 


You can begin this ongoing program today. Contemporary Diagnostic Radiology is a 
year-round program, so you can join at any time. To begin your lessons, just fill out the 

enclosed card and return it fo us. Or call FREE 1-800-638-6423 (except from Alaska and 
Hawaii). in Maryland call COLLECT 528-4105, You'll find that Contemporary Diagnostic 
Radiology is the most efficient and inexpensive way to keep up with your dynamic field. 


Williams & Wilkins 


P.O. Box 23291 
Baltimore, Maryland 21203 


Gee Geek fe fee Ge Gee Oe See Gee GH He fee ee Gee Gee Te ne anes Wee eee ee ee fee eee weet clip & mail 





266 Fulham Road 
London SW10 SEL England 


a th a ie he He ee Se Se GE ne Me fe A te Me Onto HERE atti: cons 


CONTEMPORARY DIAGNOSTIC RADIOLOGY 


C Yes! | want to keep pace in my field! Begin my 
26-issue subscription: 

C Send me the scoring version ($220) 

O Send me the non-scoring version ($180) 

3 Send me the resident non-scoring version ($160) 
(add $35 for optional air mail delivery outside the U.S.) 

L new subscription 

G renewal 


address 


city/state/zip 
payment options 


Cl payment enciosed 
G American Express 


G bil me 


G MasterCard O VISA 


printed in USA 





card # 





signature/P.O. # 


Maryland residents add 5% sales tax. Subscriptions outside the US. 
must be prepaid in U.S. doliars only, Rates subiect fo change with- 
out notice. Please allow 8 weeks for delivery a your first issue, ae fo 
16 weeks for surface delivery outside the U.S. Optional ainnal rates: 
add $35 per subscription. 


Residents are eligible for the special in- aae. rate for up fo three 
years. When requesting this rate, please include training status and 
institution. 


P'E% Don't forget: you can order with a FREE phone call 
ASA Gi 1-800-638-6423 (except from Alaska and Hawaii) 
in Maryland, call collect 528-4705. 


Williams & Wilkins 
P.O. Box 23291 
Baltimore, Maryland 24203 


266 Fulham Road 
London SW70 SEL England 
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Cont. ol the futu. e 
of your practice 





The Journal of MEDICAL PRACTICE MANAGEMENT 
Editor: Marcel Frenkel, MD, MBA 


A new journal gives you the management 
skills you need to pull ahead 


Right now you need information on some 
important topics that weren't covered in medical 
school. Topics that are having a profound impact 
on private practice and hospital-based physicians 
across the country. 

Like competition from HMOs. Industrialization of 
medicine. The sheer number of physicians compet- 
ing for your patients. Increasing costs. 

You know the issues. What you need to know is 
the best way to face them so your practice will 
flourish in years to come. 

And that’s where The Journal of Medical Practice 
Management comes in. 


Keep up with the issues that are changing 
your way of practice forever 


The Journal of Medical Practice Management 
is a new quarterly publication that covers your 
concerns...issues affecting the way you practice 
now — and the way you'll practice in the future. 

Four times a year, an expert editorial board 
headed by Dr. Marcel Frenkel brings you concise, 
readable coverage of today’s issues and tomorrow’s 
trends. 

You'll find departments covering ® office proce- 
dures and management è malpractice ¢ marketing 
e manpower ® computers @ taxation © legal and 
legislative affairs ¢ and health policy. 

You'll also find pertinent features like the 
Washington Report, telling you what's up in the 
nation’s capital and how it affects you...a Letter 
from Abroad, offering perspectives on how physi- 
cians are handling health care issues in other 
countries...and profiles of profit and not-for-profit 
health care delivery systems. 


A multidisciplinary editorial board 


Members of the editorial board for The Journal 
of Medical Practice Management have been care- 
fully chosen for their knowledge of the manage- 
ment aspects of practicing medicine. These 
experts, many with experience in more than one 
field, give you the perspectives you need from 
medicine, law, management, government, and 
education. 


You can control the future of your practice 

The issues you can't afford to ignore are in The 
Journal of Medical Practice Management. It’s a lot 
of information for a little money. And that's good 
business for you. 


Reserve your charter subscription today! 


Just return the attached coupon, or call our 
FREE number, 800-638-6423, from anywhere in the 
US except Alaska and Hawaii. In Maryland, call 
928-4105 collect. Quarterly 


Williams & Wilkins 


428 East Preston Street 266 Fulham Road 


Baltimore, Maryland 21202 London SW109EL England 


YES, | want to control the 
future of my practice! 


Please enter my subscription to The Journal of 
Medical Practice Management (quarterly) 


C Individuals and Institutions $40 


All subscribers: add $10 outside the U.S. 


L] Check enclosed O Bill me 
Q MasterCard O American Express O VISA 





Maryland residents add 5% sales tax. Subscriptions 
outside the US must be prepaid. All subscriptions must be 
paid in US dollars. Rates valid through Aprii 30, 1987. 


Please allow 8 weeks for delivery of your first issue, up to 
16 weeks for surface delivery outside the US. Airmail rates 
available on request. 


Williams & Wilkins 


P.O. Box 1496 
Baltimore, Maryland 21203 


266 Fulham Road 
London SW10 9EL England 
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The perfect profile for narrow navigation. 


The New Schwarten: 
LP Catheter 






How narrow can you get? As narrow as 
the new Schwarten™ LP Balloon Dilatation 
Catheter from ACS. The new Schwarten 
Low Profile Catheter gives you smooth, 
simple and confident performance in 
fragile tibial, peroneal and renal 
vasculature. 


Experience easy entry and passage in 
some of the tightest situations a patient's 
peripheral circulation can present. In 
addition, flexible but firm coaxial design 
can provide you with excellent tracking 
over a guide wire to get where you want 
to be during positioning. Radiopaque 
balloon and tip markers allow for vivid 
visualization and more exact balloon 
placement. 


For additional information on the new 
Schwarten LP Balloon Dilatation Catheter, 
call toll-free: 800 227-9902. 


Advanced Cardiovascular Systems, Inc. 


1395 Charleston Road 
Mountain View, CA 94039 


LS 
415 965-7360 


Where Innovation continues. Toll free: 800 227-9902 


-ACS is a wholly owned subsidiary TWX (Telex II) 23-289-720 
Litty | of Eli Lilly and Company. 
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ISOVOE 200 


lopamidol injection x 


Nonionic contrast media that causes less 


pain than a leading ionic agent. 


With Isovue, patients found 
procedures less painful; physicians 
saw fewer signs of distress 


lsovue-300 is low in osmolality— 616 mOsm/kg water. 
Using a visual analog scale, patients undergoing 
peripheral arteriography ranked their pain from “no 
pain” to “the worst pain | ever had.’ On a linear scale 
from zero to 12.4 cm, the mean pain rating for 99 
patients given a total of 155 injections of Isovue-300 
was 2.3 cm compared with 6.3 cm for 97 patients 
given a total of 144 injections of the ionic agent dia- 
trizoate meglumine and diatrizoate sodium 52%/8%. 
By observing signs of distress, such as movement 
and/or vocalization, physicians ranked patient distress 
as being absent, mild, moderate, or severe. When 
lsovue was compared with diatrizoate meglumine and 
- diatrizoate sodium 52%/8%, the number of injections 
judged to cause severe distress was 2/299 (1%) com- 






pared with 23/293 (8%); moderate distress, 13/299 
(4%) compared with 58/293 (20%); mild distress, 
59/299 (20%) compared with 94/293 (32%); and no 
distress, 225/299 (75%) compared with 108/293 
(37%), respectively 

As with all injectable contrast agents, the possi- 
bility of severe reactions should be borne in mind. 
(See brief summary of prescribing information on the 
last pages of this advertisement for a discussion of 
CONTRAINDICATIONS, WARNINGS, PRECAU- 
TIONS, and ADVERSE REACTIONS.) 


ISOVOE 
lopamidol injection 


Nonionic. Low in osmolality. 
Also for cerebral and 
selective visceral arteriography; 
aortography; intravenous CECT 
head and body imaging. 


Diagnostics 
For brief summary of prescribing information, 
see last page of this advertisement. 








ISOVUE®-300 
lopamidol injection 61% 
ISOVUE*-370 
lopamidol Injection 76% 


DESCRIPTION—ISOVUE (iopamidol injection) is a nonionic radiopaque contrast me- 
dia for diagnostic use. The formulations are stable, aqueous, sterile, and nonpyrogenic 
solutions for intravascular administration. Each mL of ISOVUE-300 (iopamidol! injec- 
tion 61%) provides 612 mg iopamidol with 1 mg tromethamine and 0.39 mg edetate 
caicium disodium. The solution contains approximately 0.037 mg (0.002 mEq) so- 
dium and 300.mg organically bound iodine per mL. Each mL of ISOVUE-370 (iopamidol 
injection 76%) provides 755 mg iopamido! with 1 mg tromethamine and 0.48 mg edetate 
calcium disodium. The solution contains approximately 0.046 mg (0.002 mEq) so- 
dium and 370 mg organically bound iodine per mL.. The pH has been adjusted to 6.5 to 
7.5 with hydrochloric acid. 


CONTRAINDICATIONS—None. 


WARNINGS~—Use caution in patients with severely impaired renal function, combined 
renal and hepatic disease, or anuria, particularly when larger doses are administered. 
Radiopaque diagnostic contrast agents are potentially hazardous in patients with mul- 
tiple myeloma or other paraproteinemia, particularly in those with therapeutically re- 
sistant anuria. It has been speculated that the combination of the contrast agent and 
dehydration may be causative of anuria in myelomatous patients. This risk is not a 
contraindication; however, special precautions are required. Contrast media may pro- 
mote sickling in individuals who are homozygous for sickle cell disease when injected 
intravenously or intraarterially. Administration to patients known or suspected of hav- 
ing pheochromocytoma should be performed with extreme caution. If the possible 
benefits outweigh the considered risks, the procedures may be performed; however, 
the amount of the medium injected should be kept to an absolute minimum. Assess 
blood pressure throughout the procedure and have measures for treatment of a 
hypertensive crisis available. Monitor such patients very closely. Use caution in pa- 
tients with hyperthyroidism or with an autonomously functioning thyroid nodule be- 
cause of risk of thyroid storm. 

PRECAUTIONS: General—Diagnostic procedures should be carried out under the 
direction of personne! with the prerequisite training and a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available for 
coping with any complication of the procedure, or for emergency treatment of severe 
reaction to the agent itself. After parenteral administration, competent personnel and 
emergency facilities should be available for at least 30 to 60 minutes since severe 
delayed reactions may occur. Preparatory dehydration is dangerous and may con- 
tribute to acute renal failure in susceptible patients. Patients should be weil hydrated 
prior to and following administration, Reactions to the medium, including serious, life- 
threatening, fatal, anaphylactoid or cardiovascular reactions, should always be con- 
sidered (see ADVERSE REACTIONS in the product package insert). Patients at 
increased risk include those with a history of a previous reaction to a contrast me- 
dium, a known sensitivity to iodine per se, and a known clinical hypersensitivity (bron- 
chial asthma, hay fever, and food allergies}. Pretesting cannot be relied upon to predict 
severe reactions and may itself be hazardous for the patient. A thorough medical 
history with emphasis on allergy and hypersensitivity prior to the injection of any 
contrast medium may be more predictive and accurate than pretesting. Premedication 
with antihistamines or corticosteroids to avoid or minimize possible allergic reactions 
in such patients should be considered. General anesthesia may be indicated in some 
procedures in selected patients; however, a higher incidence of adverse reactions 
has been reported in anesthetized patients, which may be attributable to the inability 
of the patient to identify untoward symptoms, or to the hypotensive effect of anesthe- 
sia which can reduce cardiac output and increase the duration of exposure to the 
agent. Even though the osmolality is low compared to diatrizoate or iothalamate based 
ionic agents of comparable iodine concentration, the potential transitory increase in 
the circulatory osmotic load in patients with congestive heart failure requires caution 
during injection. Observe these patients for several hours following the procedure. In 
angiographic procedures, be aware of the possibility of dislodging plaques or dam- 
aging or perforating the vessei wall during catheter manipulations and contrast me- 
dium injection. Test injections to ensure proper catheter placement are suggested. 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis 

have been shown, in vitro, to be less than ionic contrast media at comparable concen- 
trations. For this reason, standard angiographic procedures should always be followed: 
angiographic catheters should be flushed frequently, and prolonged contact of blood 
with contrast in syringes and catheters should be avoided. Perform selective coronary 
arteriography only in those in whom the expected benefits outweigh the procedural 
risk. The inherent risks of angiocardiography in patients with chronic pulmonary em- 
physema must be weighed against the necessity for performing this procedure. 
Angiography should be avoided whenever possible in patients with homocystinuria, 
because of the risk of inducing thrombosis and embolism. 

Drug Interactions—Renal toxicity has been reported in a few patients with liver dys- 
function who were given oral cholecystographic agents followed by intravascular con- 
trast agents. Administration of intravascular agents should therefore be postponed in 
any patient with a known or suspected hepatic or biliary disorder who has recently 
received a cholecystographic contrast agent. Other drugs should not be admixed 
with iopamidol. 

Drug/Laboratory Test Interactions—PB! and radioactive iodine uptake studies will 
not accurately reflect thyroid function for up to 16 days following administration, how- 
ever T3 resin uptake and total or free thyroxine (14) assays are not affected. Any test 
which might be affected by contrast media should be performed prior to administration 
of the contrast media. 

Carcinogenesis, Mutagenesis, Impairment of Fertility—in animal reproduction stud- 
ies performed on rats, intravenously administered iopamidol did not induce adverse 
effects on fertility or general reproductive performance. In studies to determine muta- 
genic activity, iopamidol did not cause any increase in mutation rates. 

Pregnancy Category B—No teratogenic effects attributable to iopamidol have been 
observed in teratclogy studies performed in animals. There are, however, no ade- 
quate and weil controlled studies in pregnant women. itis not known whether iopamidol 
crosses the placental barrier or reaches fetal tissues. Because animal studies are not 
always predictive of human response, this drug should be used during pregnancy 
only if clearly needed. Radiologic procedures involve a certain risk related to the 
exposure of the fetus to ionizing radiation. 

Labor and Delivery—it is not known whether use during labor or delivery has immedi- 
ate or delayed adverse effects on the labor, the delivery or the newborn. 

Nursing Mothers—it is not known whether iopamidol is excreted in human milk. Use 
caution when contrast media are administered to nursing women because of poten- 
tial adverse reactions; consideration should be given to temporarily discontinuing 
nursing. 

Pediatric Use—Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS—Usually mild to moderate, self-limited and transient. In angio- 
cardiography (697 patients), the adverse reactions with an estimated incidence of one 
percent or higher are: hot flashes 3.4%; angina pectoris 3.0%; flushing 1.8%; brady- 


cardia 1.3%; hypotension 1.0%; hives 1.0%. intravascular injection is frequently associ- 
ated with the sensation of warmth and pain, especially in peripheral arteriography; pain 
and warmth are less frequent and less severe with ISOVUE (ioparnidol injection) than 
with diatrizoate meglumine and diatrizoate sodium injection. The following table of 
incidence of reactions is based on clinical studies with ISOVUE in about 1760 patients. 


Adverse Reactions 
Estimated Overall incidence 
System > 1% =1% 


Cardiovascular none tachycardia 
hypotension 
hypertension 
myocardial ischemia 
circulatory collapse 
S-T segment depression 
bigeminy 
extrasystoles 
ventricular fibrillation 
angina pectoris 
bradycardia 
transient ischemic attack 
thrombophiebitis 

pain (2.2%) vasovagal reaction 

burning sensation (1.4%) tingling in arms 
grimace 

faintness 

vomiting 

anorexia 

throat constriction 

dyspnea 

pulmonary edema 

Skin and Appendages none rash 

urticaria 

pruritus 

flushing 

headache 

fever 

chilis 

excessive sweating 

back spasm 

taste alterations 

warmth in throat/arms/chest 

nasal congestion 

visual disturbances 

urinary retention 


Nervous 


Digestive nausea (1.2%) 


Respiratory none 


Body as a Whole hot flashes (1.5%)} 


Special Senses none 


Urogenital none 


Regardless of the agent employed, overall estimated incidence of serious adverse 
reactions is higher with coronary arteriography than with other procedures. Cardiac 
decompensation, serious arrhythmias, or myocardial ischemia or infarction may oc- 
cur during coronary arteriography and left ventriculography. Following coronary and 
ventricular injections, certain electrocardiographic changes (increased QTc, increased 
R-R, T-wave amplitude) and certain hemodynamic changes (decreased systolic pres- 
sure) occurred less frequently with ISOVUE (jopamidol injection) than with diatrizoate 
meglumine and diatrizoate sodium injection; increased LVEDP occurred less frequently 
after ventricular iopamidol injections. In aortography, the risks of procedures also 
include injury to the aorta and neighboring organs, pleural puncture, renal damage 
including infarction and acute tubular necrosis with oliguria and anuria, accidental 
selective filling of the right renal artery during the translumbar procedure in the pres- 
ence of preexisting renal disease, retroperitoneal hemorrhage from the translumbar 
approach, and spinal cord injury and pathology associated with the syndrome of 
transverse myelitis. Adverse effects reported in literature include arrhythmia, arterial 
spasms, hematuria, periorbital edema, involuntary leg movement, malaise, and 
triggering of deglutition; some of these may be procedural. Other reactions due to 
procedural hazards include hemorrhage or pseudoaneurysms at the puncture site, 
brachial plexus palsy following axillary artery injections, chest pain, myocardial 
infarction, and transient changes in hepatorenal chemistry tests; and rarely arterial 
thrombosis, displacement of arterial plaques, venous thrombosis, dissection of the 
coronary vessels and transient sinus arrest. 

General Adverse Reactions To Contrast Media-~-Reactions known to occur with par- 


‘enteral administration of iodinated ionic contrast agents (see the listing below) are 


possible with any nonionic agent. Life-threatening reactions and fatalities, mostly of 
cardiovascular origin, have occurred. Reported incidences of death from the admin- 
istration of other iodinated contrast media range from 6.6 per 1 million (0.00066%) to 1 
in 10,000 patients (0.01%). Foreign experience in approx. 2.4 million patients receiv- 
ing iopamidol suggest a lower risk of mortality. Most deaths occur during injection or 
5 to 10 minutes later, the main feature being cardiac arrest with cardiovascular dis- 
ease as the main aggravating factor. Isolated reports of hypotensive collapse and 
shock (est. 0.005%) are found in the literature. Experience with jopamidol suggests 
there is much less discomfort (e.g., pain and/or warmth) with peripheral arteriogra- 
phy. Fewer changes are noted in ventricular function after ventriculography and coro- 
nary arteriography. The reported incidence of adverse reactions to contrast media in 
patients with a history of allergy is twice that for the general population; patients with a 
history of previous reactions to a contrast medium are three times more susceptible. 
Most reactions to intravascular contrast agents appear within 1-3 minutes after the 
start of injection, but delayed reactions may occur (see PRECAUTIONS, General). 
Adverse reactions reported with other intravascular contrast agents and theoretically 
possible with iopamidol include: Cardiovascular: vasodilation, cerebral hematomas, 
petechiae; Nervous: paresthesia, dizziness, convulsions, paralysis, coma; Respiratory: 
increased cough, asthma, laryngeal edema, pulmonary edema, bronchospasm, rhi- 
nitis; Skin and Appendages: injection site pain usually due to extravasation and/or 
erythematous swelling, skin necrosis; Urogenital: osmotic nephrosis of proximal tu- 
bular cells, renal failure, pain; Special Senses: bilateral ocular irritation; lacrimation; 
conjunctival chemosis, infection, and conjunctivitis; Other: neutropenia, thrombo- 
phlebitis, flushing, pallor, weakness, severe retching and choking, wheezing, cramps, 
tremors, and sneezing. 

For full prescribing information consult package insert. {(J3-652C) 


Under license from Bracco Industria Chimica S.p.A. U.S. Patent #4,001,323 


© 1986 E.R. Squibb & Sons, inc., Princeton, NJ 646-503 issued: Sept. 19886 








Ki O ni G d sas Sharpening 


your diagnostic capabilities. 





provides you with excellent tecn- 
From conventional X-ray films nical support, quality assurance 
to state-of-the-art HMG* imag- 5 KONICA and educational programs for 
ing technology, Konica, a world KONICE vi XRAY į your staff. 

leader in medical imaging films į If you'd like to sharpen your diag 
offers a multitude of ways ; nostic capabilities, take a good 
to sharpen your diagnostic look at Konica. We'll show 
Capabilities. you how our technology, film 
Konica offers imaging films for products and support services 
all diagnostic needs, from clearly make a difference 
general radiography through Konica-leading medical imaging 
CT, Nuclear Medicine, Ultra- into the future. Konica Medical 
sound, Digital Radiology and Corporation, 411 Newark Pomp 
Magnetic Resonance Imaging. ton Turnpike, Wayne, N.J. 07470 
Our leading-edge technology, and 
over 112 years of manufacturing experi- *The latest in advanced film technology. Konica 
ence and quality control assure you of HMG films are high-speed, higher resolution 
consistently superior imaging products. orthochromatic films designed for maximum detail viS- 
And to optimize your imaging results, Konica bility and minimum image graininess. 


Konica 


The Image of Perfection. 





Clear clean, clinically 
~ound X- avs... 
the ultimate test 
of proper bowel 
preparation. 


it’s only common sense, then, that the best 
prepping regimen is the one that consistently 
yields the most diagnostic X-rays. That's the 
simple concept behind the design of our 
E-Z-EM Prep and E-Z-EM Prep Ii kits. 














Not just a prep, 
but a prepping system. 


Proper and thorough bowel cleansing 
means more than just Supplying a series of 
laxative products. That's why our 

prep kits are only 







compre. (eam ay 
hensive a as 
system, one 

specifically 

aimed at 

increasing am ates 

the effective- s ervescent 
ness of the 
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A good-tasting 


Magnesium Citrate. 
E-Z-EM Magnesium Citrate has a 


enteric coated Bisacodyl tablets and one 
Bisacodyl suppository. Along with our gentle 
hydration regimen, these components 
effectively cleanse the small bowel, colon, 
and recto-sigmoid. 


When a cleansing enema is desired, the 
E-Z-EM Prep ll kit is available. It replaces the 
suppository with an enema bag. 


Several schedules, 
in several languages. 


For patient comfort, E-Z-EM recommends 
using a 24-hour prepping schedule. And 
each kit comes with a handy check-off list, 
available in a variety of languages. 


When necessary, thorough cleansing is 
possible using a condensed time schedule 
with increased hydration. 


Physician S Orders 
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pleasant orange flavor, which can 
significantly improve patient 
compliance. 

E-Z-EM Magnesium Citrate 
contains no alcohol and is low 

in sodium. It comes packaged 

in single dose, foil-wrapped 
packets which eliminate break- 
age and greatly reduce storage 
requirements. 


Two complete 
prep kits. 


The E-Z-EM Prep System is thorough. 
In addition to Magnesium Citrate, 
each E-Z-EM Prep kit includes four 





Complete in-service 
training. 


Our technical representatives are available 
to train your nursing staff in usi dt the E-Z-EM 
Prep System. The entire progran 
IS He eee on videotape 
and in print, t 








in short, the 
only complete 
prepping system. 


The E-Z-EM Prep System has been 
designed for: @ Effective cleansing 
E Patient comfort W Ease of use 

E Minimal storage requirements 

E No breakage. 


For free samples 
and additional information, 
contact your local representative, 
or call E-Z-EM toll-free at 800-645-3052. 
In New York call 516-333-8230. 


E-Z-EM® E-Z-EM, Inc. 


i J 7 Portland Avenue 
Westbury, N.Y. 11590 
A compiete 
prepping system 
for the 
cost of a prep kit. 


E-Z-EM Prep: Catalog No. 3070 (Packaged 50 kits/cart 
E-Z-EM Prep ll: Catalog No. 3072 (Packaged 48 kits/cart 
E-Z-EM Magnesium Citrate: Catalog No. 3075 
(Packaged 100 packet artor 
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Toshibas 
TCT-600 Series 


Toshibas TCT-600 Series Whole 
Body CT Scanners are just what 
you would expect from a world 
leader in diagnostic imaging: fast, 
flexible, and expandable. And 
that’s just what you should ask for. 
But Toshibas TCT-600 Series give 
you even more: 


1. Image quality and performance 
second to none. 

2. Reliability, flexibility, and easy 
“one-touch command” opera- 
tions for high throughput. 

3. System expandability for wide- 
ning applications. 

Ask for more. Ask for the image 

quality and level of performance 

you get with Toshiba. Time after 
time after time. 


For more information about the 
TCT-600 Series Whole Body Scanners, 
call or write: Toshiba Medical Systems, 
2441 Michelle Drive, Tustin, CA 92680. 
In California, call (714) 669-5419. Out- 
side California, call toll-free (800) 
421-1968. In Canada, call (416) 298-6100. 
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In Touch with Tomorrow 


O MN TOSHIBA 


GLOBAL IMAGING SPECIALISTS 


LONG BEACH VETERANS ADMINISTRATION 
MEDICAL CENTER 
UNIVERSITY OF CALIFORNIA, IRVINE 


The Long Beach Veterans Administration Medical Center 
and the University of California, Irvine are seeking a board 
certified radiologist for a staff position at the Long Beach 
Veterans Administration Medical Center. A position with an 
academic rank appropriate to experience is expected in the 
faculty of the Department of Radiological Sciences at the 
University of California, Irvine. 


The residency program is integrated between the two insti- 
tutions, and teaching and research programs are closely 
coordinated. Specific training in ultrasound, body and head 
CT scanning and in neuro-radiology is necessary. Teaching 
experience and demonstrated interest in research are desir- 
able. Salary is commensurate with experience. 


The University of California, Irvine is an Equal Opportunity 
and Affirmative Action Employer. Interested candidates 
should forward their curriculum vitae and appropriate date 
of availability to: 


Richard M. Friedenberg, M.D. 

Professor and Chairman 

Department of Radiological Sciences 
University of California, Irvine Medical Center 
101 City Drive, South 

Orange, CA 92668 


RADIOLOGY/NUCLEAR 
MEDICINE 


Excellent opportunity for radiologist with 
specialty training in nuclear medicine to de- 
velop and expand the nuclear medicine de- 
partment within Kaiser-Permanente. Expe- 
rience in the area of cardiac nuclear medicine 
is a plus. 


Practice located in midtown location within 
10 minutes of downtown Denver. Hospitals 
within walking distance. Established group 
practice HMO with excellent benefits includ- 
ing fully paid professional liability insurance. 


For additional information, please contact: 


Toby P. Cole, M.D., Executive Medical Di- 
rector, Colorado Permanente Medical Group, 
P.C., 2045 Franklin Street, 11th Floor, Den- 
ver, Colorado 80205 (303) 861-3262. KOE 


INTERVENTIONAL 
RADIOLOGIST 


Aramco’s Dhahran Health Center in Saudi Arabia needs 
an Interventional Radiologist to join a staff of seven do- 
ing general diagnostic radiology, specialty diagnostic pro- 
cedures including ultrasound nuclear medicine, computed 
tomography and interventional! medicine. 


The modern 483-bed hospital has been JCAH accredited 
since 1956 and has all major specialty services as well as 
most sub-specialties. The DHC functions as a referral center 
for a patient population of approximately 200,000. The 
medical services organization includes four district clinics, 
one with a new 80-bed hospital. 


The position requires American Board certification in 
Radiology and two years interventional radiology 
experience. 


This overseas position offers an exciting opportunity along 
with a competitive salary and benefits. For immediate con- 
sideration, call Velma Guy at 1-800-231-7577 or in 
Texas at (713) 432-8060. Or send resume to: Velma Guy, 
Aramco Services Company, Dept. 06G-007-6, P.O. Box 
4530, Houston, Texas 77210-4530. 


ARAMCO 


SERVICES COMPANY 


LONG BEACH VETERANS ADMINISTRATION 
MEDICAL CENTER 
UNIVERSITY OF CALIFORNIA, IRVINE 


The Long Beach Veterans Administration Medical Center 
and the University of California, Irvine are seeking a 
board certified radiologist for a staff position at the Long 
Beach Veterans Administration Medical Center. A posi- 
tion with an academic rank appropriate to experience is 
expected in the faculty of the Department of Radiological 
Sciences at the University of California, Irvine. The 
residency program is integrated between the two insti- 
tutions, and teaching and research programs are closely 
coordinated. 


Fellowship experience in neuro-radiology is necessary. 
Teaching experience and demonstrated interest in re- 
search are desirable. Salary is commensurate with ex- 
perience. 


The University of California, Irvine is an Equal Oppor- 
tunity and Affirmative Action Employer. Interested can- 
didates should forward their curriculum vitae and ap- 
proximate date of availability to: 


Richard M. Friedenberg, M.D. 

Professor and Chairman 

Department of Radiological Sciences 
University of California, Irvine Medical Center 
101 City Drive, South 

Orange, CA 92668 





How to reduce the costs of 
bowel preparation 


oefore and after the X-ray 









Before 
Evac-Q-Kwik® helps 
keep hospital costs 
down by eliminating the 
_ staff time and labor 
involved in giving enemas. And everything 
needed for effective bowel evacuation is 
contained in one cost-effective kit. 


EVAC-Q-MAG * 
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Nurses appreciate 
Evac-Q-Kwik because it 
can be administered 
during a single shift 
and completed 
during one 
6-hour period. Patients prefer the 
simple, comfortable Evac-Q-Kwik 
procedure, too. Evac-Q-Kwik 
contains no sugar, no alcohol, 
and is low in sodium. 


EVAC-Q-TABS* a 


EVAC-Q-KWIK* SUPPOSITORY 
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Evac-Q-Kwik is the ideal 
bowel prep for today’s cost- 
conscious climate. It effec- 
tively cleans the colon for 
clear X-rays the first time, to 
reduce the need for expen- ™ 
sive, time-consuming retakes that escalate 
hospital costs. 
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Adria Laboratories 
Columbus, OH 43215 


078508 











Protect your copies of 


AJR: AMERICAN 
JOURNAL OF 
ROENTGENOLOGY 


with Jesse Jones Binders or Files 


Keep your journals clean, orderly, and readily acces- 
sible with Jesse Jones Binders or Files. Two Binders 
or two box style Files are all you need to accommodate 
a full year’s worth of issues. Both Binders and Files 
are handsomely made with rich black leatherette 
covers and gold leaf embossed lettering. 


Jesse Jones Binders open flat for easy reading and 
reference and are economically priced at only $9.95 
each; 3 for $27.95, or 6 for $52.95 postpaid. The rugged, 
compact box Files are only $7.95 each; 3 for $21.95, or 6 
for $39.95. Add $1.00/unit postage and handling. 
(Outside the U.S. add $2.50/unit.) 


For charge orders call toll free 1-800-972-5858. ($15.00 
minimum). 


Free gold transfer slips included for indexing volume 
and year. 
Please allow four to five weeks for delivery. 


TO: Jesse Jones Industries 
499 E. Erie Avenue, DEPT. AJR 
Philadelphia, PA 19134 


I enclose my check or money order for $ 
(PA residents add 6% sales tax) 


Send me O Files O Binders for my journals 





Name 
Address (will not ship to P.O. Box) 
City/State/Zip 


Satisfaction guaranteed. 























| 








INDEX TO ADVERTISERS 





Ackrad Laboratories, Inc................ A24 
ACUSON + .<4<0454%% 04 bess A16, A17, A18, A19 
Adria Laboratories....................- A45 


Advanced Cardiovascular Systems ....... 





Aramco Services Company .............. 


Colorado Permanente Medical Group .... . 





Eastman Kodak .............. A5, A6, A7, A8 
E-Z-EM Company ......... 
Konica Medical Corporation ............ 


Precise Optics/ PME, INC riccione eo eee 


Purdue Frederick Company ............. 





Pyne Corporation... dedee ees eos 

Shiney; TC. sorride ce Re kk roe we RA Al, AW 
Siemens Corporation ...0..2%++4.43 6. A14, A15 
IO a E E E A36, A37, A38 
Oe A, s EET E E E 


Tonon d USA .< 6c do easan 0 A ESE RS 












Tobias Associates. . cov kb wckoa ea oo eee ee eS A24 


Toshiba Medical Systems .. A10, A11, A42, A43 







University of California-Irvine........... 


. A27, A28, A29, A30; 
A31, A32 


Winthrop Laboratories . . 













WOrox Carnota peas kaikein toe hs Pes 


We try to present an accurate index. Occasionally this may not 
be possible because of a last-minute change or an omission. 


ry za oa 

5 p & » 

a t 45 ( 
F S New H oeries OF 

Uns s 2 ; 


re S ; 


Orthoch#omatic Medical X-ra 


» | ; s i E 
O c SULIEUIUS 


i n the use of new silver halide formation 
technology and higher optimized amounts of 
spectral sensitizing dye, Fuji’s new Sigma Grain 
Technology can reduce cross-over exposure and 
light scatter in the emulsion by more than 50%! 


CONVENTIONAL FILM HR FILM 


ie GE 


Light scatter in emulsion 


Light scatter 
greatly reduced. 


in emulsion 


X Grain 
Silver Halide 
Emulsion 


Polyester 
Base 


Emulsion Emulsion 


Light trom back screen also produces crossover Light from both front and back screens is utilized 
exposure and light scatter in the emulsion. more efficiently, exposing their respective emulsions. 


The very small (one micron mean diameter) 
$ grains are systematically arranged in the 
emulsion with their large hexagonal faces oriented 








toward the intensifying screen for maximum light 
absorption. The result is increased resolution and 
extremely fine grain with no loss of film speed. 


Prove it to yourself 

Simply put, the Fuji HR series of medical x-ray 
films provide the highest resolution images obtain- 
able today. Call your Pyne representative today 
toll free 1-800-431-1850 (In NY 914-834-4567) 
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PYNE CORPORATION 


20 North Avenue, Larchmont, NY 10538 
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LIQUID POLIBAR” E-Z-AC™ LIQUID POLIBAR™ PLUS 
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Three bariums 
for superior air-contrast 


results. 


Air Contrast Colon: The procedure of choice 
with the systems of your choice. 








Liquid Polibar™ 


The original air contrast colon barium 
with superb coating characteristics. 
Optimum viscosity assures consistent 
even coating throughout. Truly the 
bench mark formulation for air con- 
trast studies. 


E-Z-AC™ 

This fast flowing liquid barium reaches 
the splenic flexure in only 20 to 30 
seconds. Specifically formulated for air 
contrast procedures where a cleansing 


enema has not been administered 
that morning. 


Introducing: 
Liquid Polibar™ Plus 


The classic Liquid Polibar formulation 
modified to achieve a faster flow rate. 
It has the excellent coating characteris- 
tics that you expect from a Polibar for- 
mula but is more attuned to the speed 
necessary in the modern radiology de- 
partment. Polibar Plus—increased 
speed and diagnostic consistency. 


For samples and additional information, 
please contact your local E-Z-EM distributor or 
call E-Z-EM directly. 
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E-Z-EM, Inc. 7 Portland Avenue, Westbury, NY 11590 516-333-8230 800-645-3052 © E-Z-EM, Inc. 1985 


Official Journal of the American Roentgen Ray Society 





American Journal of Roentgenology 
Diagnostic Imaging and Related Sciences 


Editor-In-Chief Robert N. Berk, San Diego, California 


Editor Emeritus Melvin M. Figley, Seattle, Washington 


Associate Editors Alan J. Davidson, Washington, District of Columbia 
Saskia von Waldenburg Hilton, San Diego, California 
Juan M. Taveras, Boston, Massachusetts 


Assistant Editors William L. Ashburn, San Diego, California 
Charles C. Berry, San Diego, California 
William G. Bradley Jr., Pasadena, California 
Edward Buonocore, Knoxville, Tennessee 
Peter L. Cooperberg, Vancouver, British Columbia 
Peter Doubilet, Boston, Massachusetts 
N. Reed Dunnick, Durham, North Carolina 
Ronald G. Evens, St. Louis, Missouri 
Henry |. Goldberg, San Francisco, California 
William R. Hendee, Chicago, Illinois 
John R. Hesselink, San Diego, California 
Charles B. Higgins, San Francisco, California 
Helen C. Redman, Dallas, Texas 
Donald L. Resnick, San Diego, California 
Stewart R. Reuter, San Antonio, Texas 
Stuart S. Sagel, St. Louis, Missouri 
Edward A. Sickles, San Francisco, California 
Eric vanSonnenberg, San Diego, California 


Editorial Staff: Gita S. Braude, managing editor; Elizabeth A. Whalen, Barbara Rose. 
and Linda Wood, manuscript editors; Nancy Rydbeck, administrative assistant: Sandra 
Wood, administrative secretary; Fay Lau, secretary. 


All business correspondence, including display (not classified) advertising, subscriptions, address changes, reprints, and permission 
requests should be addressed to Williams & Wilkins, 428 East Preston Street, Baltimore, MD 21202. Correspondence regarding 
editorial matters and classified advertising should be addressed to the editorial office, AJR, 2223 Avenida de la Playa, Suite 200, 
La Jolla, CA 92037. For manuscript submission, see Guidelines for Authors, next page. Undelivered or damaged copies replaced 
within 60 days of publication; 90 days for foreign subscribers. Allow 90 days for address changes. 

AJR AMERICAN JOURNAL OF ROENTGENOLOGY (ISSN 0361 803X) is published monthly by American Roentgen Ray Society, 
428 E. Preston Street, Baltimore, MD 21202. Annual dues include $50 for journal subscription. Second class postage paid at 
Baltimore, MD and at additional mailing offices. Postmaster send address changes (Form 3579) to Williams & Wilkins, 428 East 
Preston St., Baltimore, MD 21202. Subscription rates $90 ($120 foreign); institutions $100 ($130 foreign); in training $25; single 
copy $14 ($17). Japanese Yen price is available from our sole agent USACO Corporation, 13-12, Shimbashi 1-Chome, Minato-Ku. 
Tokyo 105, Japan, telephone 03-502-6471. Airmail rates furnished on request. Indexed by Current Contents and Index Medicus. 
Copyright © 1986 by American Roentgen Ray Society. 0361-803X/86$2.00 


Al 


AJR Guidelines for Authors 


Address new and revised manuscripts, correspondence, and 
classified ads to: 

AJR Editorial Office 

2223 Avenida de la Playa, Suite 200 

La Jolla, CA 92037 

telephone: (619) 459-2229 
Make inquiries regarding subscriptions, display advertising, 
reprints, or permission to republish AJR material to the pub- 
lisher: 

The Williams & Wilkins Co. 

428 E. Preston St. 

Baltimore, MD 21202 

telephone: (301) 528-4133 


Publication Policy 


The AJR publishes original and timely contributions to the advance- 


ment of medical diagnosis and treatment with radiologic methods. 
Although content is predominantly clinical, laboratory investigations 
are accepted when their relevance to clinical practice is demonstrable. 
in prospective clinical investigations, authors should document that 
informed consent was obtained from patients. The material submitted 
must not have been previously published nor be currently submitted 
for publication elsewhere (prior publication of simple abstracts without 
illustrations or tables will not prejudice publication of the complete 
study). Papers dealing with neuroradiology should be addressed to: 
Editorial Office, American Journal of Neuroradiology, Dept. of Ra- 
diology, Massachusetts General Hospital, Boston, MA 02114; tele- 
phone: (617) 726-8342. At the discretion of the Editor of AJR, AJNR 
articles may be republished in AJA. 

Decisions on manuscripts are based on peer review. Reviewers 
receive manuscripts without title pages to protect the identity of 
authors and to ensure an unbiased review; names of reviewers, in 
turn, are not revealed to the authors. Accepted manuscripts are 
subject to editing. Statements within an article, including changes 
made by the Editor or copy editor, are the responsibility of the author 
and not AJA or its publisher. Authors will receive the edited manu- 
script, galley proof, and proofs of illustrations usually 6-8 weeks after 
acceptance. If the corresponding author will not be available, arrange- 
ments should be made for a coauthor or colleague to read and return 
the proof. 


Copyright Information 


in accordance with AJR implementation of the U.S. Copyright Law, 
authors must release first and subsidiary rights to their manuscript 
at submission (unless the study was performed as part of their duties 
as an employee of a U.S. government agency). A dated letter with 
the signatures of all authors should state: “We, the authors, assign 
first and subsidiary rights to the American Roentgen Ray Society in 
the event that our manuscript [insert title] is published by AJR. We 
guarantee that this manuscript contains no matter libelous or other- 
wise unlawful or which invades individual privacy or which infringes 
any proprietary right. AJR, in turn, grants us the right of republication, 
subject only to crediting the original source of publication and receiv- 
ing written permission from the publisher. We understand we will 
receive no royalty or other compensation from AJR. We guarantee 
that this article and illustrations have not been previously published 
elsewhere or, if previously published in part or in whole, that permis- 
sion has been obtained for republication. Copies of these permissions 


A2 





are included and previously published text or illustrations have been 
identified in the manuscript.” (Delete the last sentence if it does not 
apply.) The covering letter also should state that the manuscript has 
been seen and approved by all the authors. 


Manuscript Form 


AJR complies with the Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals (Ann intern Med 1979;90:95-99). 
Manuscripts must be typed double-space throughout, including 
references, tables, and figure legends. Each table, the footnotes, and 
the figure legend section should begin on separate sheets; a separate 
title page should be provided. Send the original typescript, one copy, 
and two sets of illustrations (not photocopies). Authors’ names should 
be on the title page only so that author anonymity can be maintained 
during the review process. Permission to reprint previously published 
material should accompany the manuscript. 


Organization of Major Articles 
Title Page 


Titles should be brief yet precise, accurately conveying the content 
of the paper. Limit authors to those who made substantial contribu- 
tions to the work. Include an address for each author, and ZIP or 
postal code; acknowledgment of grant or other financial support 
when appropriate; name of meeting, location, and date if the paper 
was presented; a running head (shortened title); and the name, 
address, and telephone number of the author to whom correspond- 
ence and requests for reprints should be addressed. 


Abstract 


A description of the purpose, methods, results, and conclusions of 
the study is required. The factual highlights of each section should 
be recapitulated. 


introduction 


Clearly state the purpose of the investigation, including necessary 
background facts that indicate its current relevance. 


Materials [or Subjects] and Methods 


Describe the research plan, the materials or subjects, and the 
methods, in that order. Proof of disease and control of subjectivity in 
observations should be detailed. Metric measurements should be 
used throughout. Put measurements in the International System of 
Units (SI) in parentheses when appropriate; for example, 400 rad (4 


Gy). 
Resuits 


Present results in logical sequence. If tables are used, do not 
duplicate tabular data but do describe important points and trends. 


Case Reports 


Individual.cases can be described if there are only a few; one or 
more cases from a large series can be described individually as 
Representative Case Reports. Each report should concentrate on 
the radiologic information and its usefulness. 


Discussion 


Offer appropriate limitations about the research plan, materials or 
subjects, and methods to give perspective to their adequacy for the 
purpose of the study. Interpret the results to lend meaning and 
importance to the observations. Hypotheses and speculation based 


” 


on the results are encouraged. When results differ from those of 
previous investigations, an attempt should be made to explain the 
discrepancy. Conclude with a brief statement regarding clinical sig- 
nificance. 


Acknowledgments 


Acknowledge only persons who have made substantive contribu- 
tions to the study. Mention grant support on the title page. 


References 


References should be offered to document major assertions of fact 
and any opposing evidence and concepts. Discretion in number is 
requested. References should be cited in the text by number (e.g., 
{3, 4]). The reference list should be arranged in the numeric order 
that references are cited in the text and typed double-spaced 
throughout. References cited first or only in tables or figure legends 
should be numbered by the sequence in which the table or figure is 
first identified in the text. Data for each reference should be arranged 
according to the style adopted by the U.S. National Library of Medi- 
cine and used in index Medicus. Accuracy of reference data is the 
responsibility of the author. Provide all authors’ {or editors’) names 
when fewer than seven; when seven or more, list the first three and 
add et al. Provide inclusive page numbers; if an article is only one 
page, please indicate. Abbreviations for titles of medical periodicals 
should conform to those published in index Medicus. Articles that 
appear in both AJR and AJNR should be a single reference that cites 
both journals (example 3). Examples: 

1. Kirks DR, Fram EK, Vock P, Effmann EL. Tracheal compres- 
sion by mediastinal masses in children: CT evaluation. AJR 
1983;141:647-651 

2, Khansur T, Yam LT, Tavassoli M. Serum monitors of bone metas- 


tasis. In: Stoll BA, Parbnoo S, eds. Bone metastases: monitoring ' 


and treatment. New York: Raven, 1983:165-180 
3. Sage MR. Review. Kinetics of water-soluble contrast media in 
the central nervous system. AJNR 1983;4:897-906, AJR 1983; 
141:815-824 
Unpublished data and personal communications should not be num- 
bered references but should be put in parentheses in the text (e.g., 
Smith JD, personal communication). 


Tables 


Tables should be concise and organized to show trends, not merely 
compilations of raw data. (The Editor may request that tables of 
backup data too extensive to be published be deposited with the 
National Auxiliary Publications Service or made available by the 
author.) Include only data pertinent to the subject. Long itemized 
case histories are better presented in the text as case reports or 
summaries. Do not repeat in tabular form material presented in the 
text. Tables should have titles and headings, but no vertical or 
horizontal rules. 


Illustrations 


Figures shouid be submitted as 13 x 18 cm (5 x 7 inch) glossy, 
black-and-white prints, untrimmed and unmounted. Labels and ar- 
rows must be of professional quality and removable. Number each 
figure to correspond with the figure legends and indicate the top. 
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Avoid writing directly on the back of the print. Special permission for 
publication of facial photographs of patients or for previously pub- 
lished pictures is required. Line illustrations or graphs must be profes- 
sionally drawn in black ink on white background; please send pho- 
tographic prints (not photocopies), not originals, to avoid damage in 
handling. Color illustrations will be used at the discretion of the Editor; 
send color prints. Firm estimates of cost will be sent to the author(s) 
for approval before publication. Identical anatomic structures in color 
prints should be the same size to facilitate reproduction and reduce 
cost. 


Legends 


Figure legends should carry a title identifying the message of the 
illustration and the case number if individual cases are described in 
the text. Legends should be as brief.as possible for the informed 
reader to understand the figure. Detailed clinical data should be 
avoided. Legends for previously published illustrations should cite 
the reference number of the source (e.g., Reprinted from [8)). 


Organization of Case Reports 


Concise case reports will be considered for publication if they 
present unusual experiences that are medically important and instruc- 
tive. Clarity and brevity are essential. After preliminary screening by 
an editor to determine whether the requirement of medical signifi- 
cance has been met, qualifying papers will undergo the same peer 
review as major papers. To facilitate planning the order and layout of 
each issue, case reports are limited in length to two journal pages. 
The introduction should be one short paragraph that gives some 
general background of the disorder and the specific interest and 
message of the case presented. Only one case should be described 
in detail. The case report should concentrate on the radiologic infor- 
mation and its usefulness. The discussion should focus on the specific 
message of this report and the relevance of radiology in this instance. 
If the author has encountered other cases, they may be briefly 
mentioned, and possibly illustrated, but not described in detail. There 
should be no more than eight references. The figures should be 
limited to the minimum required to document the case findings, 
probably not more than four pictures, each a column wide (or the 
equivaient). Excess illustrations would require severely shortening 
the text. Figure legends should be as short as possible and should 
not repeat the text. There can be no tables and no acknowledgments. 
See previous sections for detailed instructions regarding references 
and illustrations. 


Other Contributions 
Technical Notes 


Brief descriptions of new techniques or. significant modifications of 
older ones that are directly applicable to the clinical practice will be 
accepted if review is favorable. Technical notes do not carry abstracts 
or acknowledgments. 


Letters to the Editor 


Letters are subject to editing and condensation. Criticism of pub- 
lished articles should be objective and constructive. Letters also may 
discuss matters of general interest to radiologists. 
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MAMMOGRAPHIC 
SYSTEM 





in the beginning... 
The original MAMEX DC 


The Mamex DC is a complete mammographic 
system, consisting of a modern, efficient DC 
generator which virtually eliminates “ripple” and 
gives a higher resolution image with consistently 
higher subject contrast; a molybdenum anode 
x-ray tube; and a motorized compression system 
with floor remote control. 


Standard features: 

* Compact DC generator with automatic | 
exposure control. 4 
Exposures can be made once every 30 seconds. 

* Stand designed for x-ray examination of the 
breast. 

* Hardened glass screen protects technician 
during exposure. 

* Floor remote compression control. 

* Phototiming detector position selector. 

* Field light. 

* Breast compression plate; 

Biopsy compression plate; 

Spot cone compression plate. 

18x24cm Kodak Min-R cassette with screen. 

Film identification markers. 

Automatic line voltage compensation. 

6x.6 stationary anode molybdenum x-ray tube 

with beryllium window. 





+ + + & 


Options: ; 
* 200L 3.5:1 grid. 

* Carbon fiber cassette tunnel with grid pocket. 

* in-hospital wheel assembly (shown). 

* Van wheel assembly. 













Mamex DC... 


* Five-year proven track record of performance 
and reliability; 

* Hundreds of satisfied physicians, clinics, and 

hospitals throughout the United States and 

internationally: | 

* Full 12-month non-prorated warranty on the 

x-ray tube; 

* Average midbreast dosages, on a 2-film exam of 

a 6cm compressed breast, of .07R or less (as 

documented by the University of Michigan 

Breast Cancer Detection Center - Ingvar 

Andersson, M.D.) 


— _.. offers your facility the very best in diagnostic 
Original MAMEX DC equipment available in today’s marketplace. 
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_Kodak opens a new chapter 
In screen-film mammography. 
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double-emulsion film combination for mammog- 


— hy. A bination th dak h d 
New {WO Screen, raphy. A combination that Kodak has create 


. specifically for mammographic applications. 
It's th KODAK MIN-R Fast S 
COUDIe-EMUISION  anixOĐAk tmar mrin combination and 
i i it's the fastest, high-quality, low-radiation- 
film combination. exposure cine lh ets tee ate In 


existence. It's so efficient, it reduces radiation 


Introducing exposure by 2.5x. 
KODAK MIN-R Fast Screens and This technological breakthrough is the 
KODAK T-MAT M Film result of new screen-coating capabilities 


combined with Kodak's innovative T-Grain 
emulsion technology. 


For years, Kodak has been writing the The proprietary new screens comprise a 
book on mammographic imaging. Now a new thin front screen and a conventional thickness 
chapter unfolds. mammographic back screen. These new screens 

For the first time, you can use a two-screen, are important elements that make possible the 


use of a double-emulsion film for mammography. 


© Eastman Kodak Company, 1986 
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T-Grain emulsions are perhaps the biggest 
advance in silver halide imaging in 50 years. 
The new tablet-shaped silver halide grains used 
In KODAK T-MAT M Film capture more light, 
afford increased speed, and don’t compromise 
image quality. 





[-Grain emulsion technology is the basis for the new KODAK 
[-MAT M Film. The emulsions employ flat, tabular grains of silver 
ialide (left) rather than the conventional pebble-shaped grains. 


magnification 
* Ideal for low 
output units 
* Reduces 
imaging dust 
and dirt 
artifacts 








In addition, the T-MAT M Film has a 
magenta dye adsorbed onto the T-Grain crystals 
to absorb the green light emitted by the rare earth 
intensifying screens, reducing crossover without 
sacrificing system speed. 

The double MIN-R Fast Screens and the 
T-MAT M Film are provided in low-absorbing 
KODAK MIN-R Cassettes or mounted in folders 
for use in vacuum devices. The result is a state- 
of-the-art system customized for mammography. 
A system that eliminates imaging dust and dirt 
artifacts, and provides an intimate screen-film 
contact to further maintain image sharpness. A 
system that can be used with grids to deliver the 
high-contrast image you need, while reducing 
radiation dose. 

To open a new chapter in mammography 
for you and your patients, contact your Kodak 
technical sales representative. 


New KODAK MIN-R Fast Screens 
and KODAK T-MAT M Film, the combination 
with a 2.5x radiation dose reduction. 


Relative contrasts, speeds, and average glan- 
dular dose comparisons of Kodak films used 
with Kodak screens for mammography 


Average 
Glandular 
Relative Dose? 
Contrast! (Rads) 


KODAK 
Ortho M Film 


KODAK 
MIN-R Screen 


T-MAT M Film 


KODAK 
MIN-R Fast Screens 


Development— KODAK RP X-OMAT Processors using seasoned KODAK RP X-OMAT 
Chemicals or equivalent at recommended temperatures. 


Contrast' — Measured as the average gradient between densities 0.25 and 2.00 above 
gross fog. 


Relative Speed?— Determined from matched density radiographs. KODAK Ortho M 
Film arbitrarily assigned a relative speed of 100. 


Technique*— Based on average size breast, craniocaudal view, molybdenum target 
tube, 0.03 mm molybdenum filter, 28 kVp setting. 


New KODAK MIN-R Fast Screens 


The KODAK MIN-R Fast Screens incorporate phosphors 
which contain metals from the lanthanide series of 
“rare earth” elements. Using a molybdenum target x-ray 
tube with a beryllium window, 30 microns molybdenum 
filtration, and a 4 cm clear plastic breast test object, 
energy absorption by the screens is approximately 

90 percent. The MIN-R Fast Screens are to be used in 
a KODAK MIN-R Cassette or suitable vacuum holder, 
with KODAK T-MAT M Film. 





New KODAK T-MAT M Film 


The new double-coated KODAK T-MAT M Film is a 
high-speed, high-contrast orthochromatic x-ray film 
specially designed for mammographic imaging. It incor- 
porates light-sensitive dyes to absorb green light emitted 
by the intensifying screens and reduce image blur. 

It is ideal for applications where high film speed 
is desired to reduce exposure times and radiation dose 
—for example, with the use of grids, small focal spots, 
and magnification techniques. 


The KODAK MIN-R Cassette 


The KODAK MIN-R Cassette provides fast, easy loading 
of films for the mammographic procedure. The all- 
plastic molded cassette provides intimate screen-film 
contact and low absorption. The tube-side panel of the 
cassette is thin, injection-molded polycarbonate, 

with low x-ray absorption. Combined with appropriate 
compression, the design of the MIN-R Cassette permits 
good visualization of soft-tissue information near the 
chest wall of the patient. MIN-R Cassettes can be 
supported with a holding device available on most 
dedicated mammography x-ray units. 


Availability 

KODAK T-MAT M Film 

PER SOG 4.0 uc bad bendene oe CAT No. 810 9456 

OA MO ak. be wide ea CAT No. 809 6091 
oth Le |) ng ae ee CAT No. 847 4975 


KODAK MIN-R Fast Screens 
(in KODAK MIN-R Cassettes) 


2AM C ce ei avddawavdens CAT No. 813 3332 
Ne CUE feos as wa awed CAT No. 810 1412 
(in folder for vacuum devices) 

LCL) EEEE ae E CAT No. 847 6673 





Kodak, X-Omat, Min-R, T-Grain, and T-Mat are trademarks 
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The perfect profile for narrow 


The New Schw: 
LP Cathete 







® Advance 

. 1395 Chai 
Mountain 

415 965-7. 


Where Innovation continues. = Toll free: 


ACS is a wholly owned subsidiary TWX (Telex 
Litly | of Eli Lilly and Company. 
© 1986 Adva 





' The Star family of nuclear imaging products 
takes you into the future...no matter where 


The best way to a bright future 
for your nuclear imaging depart- 
ment is to choose equipment that 
can grow with you. At your pace. 
In the direction you choose. 


» The Star family of nuclear 
imaging products from General 
Electric gives you that versatility 
with advanced technology that 
easily upgrades as your needs 
change. These systems not only 
work with each other to increase 
your nuclear imaging and 
processing capabilities, they work 
with other manufacturers’ systems 
as well. 







Meet our family 
a 
STARPORT 
Ideal for data 
acquisition Ls] 
and display. T 
This digital L 
gamma camera system a 


can be the cornerstone ofa =  - 


nuclear department because, as 
requirements grow, the Starport™ 
system can evolve to meet them. 


you're growing 


STARCAM 7 
The best of all y 


worlds: data 
acquisition, 
processing 
and display in 
an integrated system that performs 
the most demanding nuclear 
procedures with ease. With its 
modular digital design, the 
Starcam™ system keeps pace with 
your growth and with emerging 
technology. 
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STAR II 


Powerful 
processing 

in a small 
system that’s 
compatible 
with virtually 
all nuclear imaging equipment. 
The Star II™ system extends your 
processing capabilities without 
making your existing systems 
obsolete. 
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STARVIEW 

Additional ia 
efficiency from 

a system that 

combines data mennas å 
processing and or 


display functions. Starview™ saves 
time for physicians and technologists 
alike in a busy nuclear department. 


STARLINK 


The technology that brings the Star 
family together. With the future 
Starlink™ network, you will be able 
to easily access data from any on- 
line nuclear system, at any station. 


STARGATE 


Your passport to the multi-modality 
imaging of the future. Stargate™ 
will link your nuclear department 
with other imaging modalities, 

and bring the complete diagnostic 
picture to you at a single console. 


Look into the future of nuclear 
imaging . . . discover the Star family 
of products from GE. And find out 
about the special financing pack- 
ages available for a limited time. Call 


toll free 1-800-433-5566. 
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USGI is Now 
Bard Interventional 
Products. 


USCI, Products for Radiology, is now Bard Interventional Products. 
Anew group with a strengthened commitment: innovative technologies 
for the interventional radiologist. 











Many of the familiar and fundamental tools of interventional radiology 
were developed by USCI. New applications for these tools are being 
defined in the clinical arena, making interventional radiology one of the 
most dynamic, and demanding, fields in medicine. 


With Bard Interventional Products we are expanding our ability to work 
with you toward the development of new technologies based on our 
rigorous standards and applications-oriented know-how. 


[BANRID 


Interventional 
Products 


The Bard Response to the Changes You’ve Made. 


C.R. Bard Inc. 5 Federal Street PO. Box 5069 Billerica, MA 01822 
(617) 663-2244 + (800) 824-8724 





The Star family of nuclear imaging products 
presents its newest member... Gemini 


Meet the Gemini™ system from 
General Electric—and prepare to 
meet the future. 


Gemini’s unique mechanical 
design helps you perform a 
comprehensive range of studies, 
including ECT, planar and whole 
body imaging. It’s the answer for 
nuclear departments that demand 
versatility. 

Gemini has an extra large 
rectangular field of view—a logical 


geometry for simplicity and speed. 
It delivers high quality whole-body 
studies while improving through- 
put by as much as 50%. 


Star quality from GE 


When combined with the GE 
Star II” computer, Gemini 
delivers the high quality ECT 


images you've come to expect from 


GE equipment. And the Star II 
interface guarantees continuing 


GENERAL A ELECTRIC 


access to the expanding universe 
of GE software. 


Gemini also allows your depart- 
ment to keep pace with advances 
in radiopharmaceuticals and 
optimized high energy collimation. 
All these features add up to big 
capability in a compact package. 
To find out more about the 
Gemini system, see your GE 
Representative today. 
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PUCK Angiographic Filmchanger Systems 
THE PUCK ADVANTAGE— durability... reliability 


e UNMATCHED HISTORY 
of reliability and 
performance 


PUCK UD4...position-independent sheet-fi 





e RECOGNIZED 
DURABILITY 
means many years of 
useful life...lower cost 
per examination... 
economy 


DEDICATED SYSTEMS 
for optimized film 
transport in all 
positions 


ee ee 


POSITIVE FILM P - 
SEPARATION A 
through spacers = 

in loading magazine PUCK U4...sheet-film changer for a.p. a 
virtually prevents 
film-sticking and 
double film-feeding 


a 





ADEQUATE 
EXPOSURE TIME 

for magnification 
technique at 4 exp/sec 
(2 exp/sec in alternate 
biplane) 


SYNCHRONIZED 

BIPLANE OPERATION 

for simultaneous or alternate 
exposures. Two PUCK U4s... 
or one PUCK UD4 plus 

one PUCK U4... 

or two PUCK UD4’s. 








solid construction 


angers 


4 exposures/second 


2 exp/sec in each aie = 





eral projections 


4 exposures/second 
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SEP U1...computerized 
program control for 
PUCK filmchangers 


4 exposures/second 


2 exp/sec in each plane 
in alternate biplane operation 


24 06268 


VERSATILE...RESPONSIVE...PROGRAMMABLE 


SEP U1 Computerized Program Control allows complex exam- 
inations to be conducted conveniently and accurately by utilizing 
microprocessor technology. 


Nineteen user-designed examination programs can be stored in 
memory and displayed on SEP’s screen in real-time, second- 
by-second. Programs can be temporarily altered, permanently 
revised, or replaced. Up to 3 PUCKS can be controlled by one 
SEP U1 in single-plane or biplane operation. Interfaces with other 
system components, e.g., injector, moving table-top, ECG 
triggering device. 

Model SEP M1 is available for those single-plane applications 
where film rates greater than 3 exp/sec are not required. 


Elema-Schonander, Inc. 
2360 North Palmer Drive 
P.O. Box 94517 
Schaumburg, IL 60195 
elema-schonander Telephone (312) 397-5900 








THE MOST SIGNIFICANT 
IMPROVEMENT IN 
DIAGNOSTIC RADIOLOGY 
CATHETERS IN 

RECENT YEARS. 


Shiley SOF'TIP.» Stan- 
dard and High Flow diagnostic 
radiology catheters* Now they 
provide increased safety for 
patients. And better torqueabil- 
ity for you. 

SOFTIP’S improved 
patient safety comes from a 
unique, patented catheter tip 
which deforms on contact 
with vessel walls. Catheter 
forces previously directed 
against the intima are now 
absorbed by the catheter 
lip itself. As a result, the risks 
of intimal/subintimal lesions, 
intramural dissection, 






perforation and related [7 


vessel thrombosis and 
clot or plaque embo- 
lism may be reduced. 
STUDIES CONFIRM 
SOFTIP PATIENT 
SAFETY. 

In-vivo and in-vitro 
studies compared SOFTIP 
with two other conventional 
catheters. Both studies sug- 
gest that SOFTIP reduces the 
likelihood of angiography 
complications. 

In the first study, light- 
micrograph cross sections of 
canine aortic tissue (Fig. IA & 
1B) demonstrated a reduction of 
intimal abrasions with SOFTIP 


The second 
study measured 
catheter tip inden- 
tation depths. | 
Here SOFTIP f 
showed 43% to | 
96% less inden- 
tation than other 
catheters tested 
(Fig. 2). 

TORQUE 
SUPERIORITY 
YOU CAN FEEL. 

A 16-strand 
stainless steel wire 
braid within specially 
formulated radiopaque poly- 
urethane runs the full length 
of the catheter body. In the 
o and 6 French catheter, braid- 
ing extends to the deformable 
tip. In all cases, the result is a 
precise one-to-one torque 
ratio for optimum control, plus 








Figure 1A 


Figure IB 











added memory. Yet longitu- 
dinal flexibility is never 
compromised. 

The same special poly- 
urethane also results in a 
superior curve memory. Conse- 
quently, positioning is easier 
while recoil and whipping may 
be minimized. 

SOFTIP provides out- 
standing visualization, too. 


Fig. 1A Canine histology studies 
demonstrated a reduction of intimal 
abrasions with the SOFTIP. catheters 
patient-safe deformable tip. 

Fig. 1B /n contrast, conventional 
catheters showed significant 
endothelial disruption. 





Shiley Incorporated, 17600 Gillette Avenue, Irvine, CA 92714-5751 USA, (714) 250-0500 (800) 854-3683, Cable: SHILEYINC IRIN, Telex: 68-5585. 


Shiley-Europe, Staines House, 158-162 High Street, Staines, TWI84AZ, England, Tel: (44) 784-61533, Telex: 919851 PFHPGS-G. 
Shilev Canada. 251 Bartlev Drive. Toronto Ontario. M4A-2N7. Canada. Tel: (416) 752-9990. Telex: 389-06963811. 














16-Strand Wire Braiding helps 
produce one-to-one torque control. 
Angithane™** a specially formulated 
radiopaque polyurethane, improves 
handling, shape retention and 
visualization. 

CELGARD™** silicone coating 
demonstrates superior catheter throm- 
boresistance and increased lubricity. 


And its walls withstand high- visualization, all without increas- The exterior of each 

pressure injections without ing French sizes. SOFTIP catheter is coated with 

compromising expected flow Winged SOFTIP hubs are silicone CELGARD™** for 

rates. clearly marked with catheter improved thromboresistance 

HIGH FLOW AND MORE. length and French size foreasy and lubricity. Studies demon- 
In addition to Standard identification. A secure grip strated that 


Flow catheters. SOFTIP offers facilitates more efficient on-off 
a range of High Flow French connections. And a tapered 
sizes. High Flow catheter hub lumen promotes 

lumens have been enlarged smooth injections. 

without increasing outside 
catheter diameters. The bene- 
fits include improved flow 
capacity, greater media con- 
centrations and better 























i silicone coated 
. SOFTIP « ratheters 

vielded the lowest throm- 
bogenicity index of any catheters 


tested! 

GET MORE HARD FACTS. 
__ CATHETER TIP To learn more about 
Figure 2. INDENTATION DEPTH = SOF TIP. diagnostic radiology 







catheters with greater patient 
safety, better control and 
Eni d memory, call your 
Shiley Customer Service Repre- 
sentative at 1-800-854-3683. 
In Alaska, call 714-250-0500 
collect. In Europe, contact 
your Schneider-SOFTIP 
representative. 






Shiley SOFTIP 
@ usci 
Pe Cordis 


Indentation depths in a 
semi-soft wax medium simu- 
lating vascular tissue were 
reduced 43% to 56% with 
SOFTIP angiography catheters 
when measured against con- 
ventional catheter tips. 





Indentation Depth (Microns) 


“Acute Canine Intra-Arterial 
Implantation Screening tor Thrombo- 
eenicity,” Utah Biomaterials Test Lab. 


10 20 30 40 
Force (Grams) 


Shiley SOFTIP= 140 +13 y's 
USCI = 246 +15y's 
Cordis = 318 +20,'s 


About SOF TIP 


Standards of excellence... bevond excellent standards. PAShiley 


A Pfizer Company 





© Shiley Incorporated. All rights reserved. O86SP184 (5/86). 
SOFTIP, is a registered trademark of Angiomedics Incorporated. 
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Toshiba's TCT-900S.. 








CT beyond the 
fourth generation. 


Toshibas TCT-900S scanner is 
indisputably unique to the CT 
imaging industry. In fact, Toshibas 
leading edge technology actually 
takes CT beyond the fourth gener- 
ation into another dimension with 
these technological features found 
in no other comparable system: 


I. Consistently superior image 
quality: just what you expect 
from Toshiba. 

. Nutate/Rotate geometry with 
continuous scan: thirty scans 
in thirty seconds. 

3. True dynamic scan: no inter- 

scan delay. 

4. Sub-second scanning: quality 

images in 0.6 seconds. 


IN? 


Let the competition tell you that 
CT technology can go no further. 
But you owe it to yourself to see 
just how far Toshiba can really go. .. 


Call or write: Toshiba Medical Systems, 
2441 Michelle Drive, Tustin, CA 92680. 
In California, call (714) 669-5419. Outside 
California, call toll-free (800) 421-1968. 
In Canada, call (416) 298-6100. 





In Touch with Tomorrow 


SE TOSHIBA 
GLOBAL IMAGING SPECIALISTS 
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CURIX Ortho ST (Structured Twin) Crystal 


emulsions impr ve sharpness and sensitivity, 


plus provide greater dynamic range. 


































First: AGFA's twin tabular and com- 
pact silver halide crystals provide both 
increased surface area for improved sen- 
sitivity, and compact size for increased 
sharpness and reduced graininess. 


Second: the unique silver bromo- 
iodide crystal structure of CURIX Ortho 
ST Films enhances image perception and 
suppresses noise, because of improved 
adherence of the sensitizing dye upon the 
crystal surfaces. Thus, the dye is better 
utilized in image formation than with other 
tabular grain films, resulting in a cleaner, 
brighter, sharper image. 


SENSITIZING DYE 


CRYSTAL STRUCTURE 





Advancing the Science 


CURIX Ortho ST Films achieve superior image 
quality and noise suppression through fundamental! 
innovations in crystal and emulsion technology. 


CURIX Ortho ST emulsions 
reduce Crossover Exposure 


Screen-emitted light is absorbed in the 
layers adjacent to the screens, resulting 
in increased sharpness. 


CURIX Ortho 
“ST” Film 


Conventional 
Films 
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sharpness. 


CURIX Ortho ST Films are compatible 
with standard CURIX Ortho Screens, 
require no change in technique, and pro- 
vide the same high speed with greater 
sharpness and less grain. 


AGFA is setting new standards...with 
innovations in imaging technology, 
equipment, and service. 


CURIX Ortho ST Films provide 
improvement in sharpness that you can 
actually see! 


Let us prove it to you. Call 914-682-5650 
for a demonstration. 


Agfa-Gevaert Rex, Inc. 

A Subsidiary of Agfa-Gevaert, Inc. 
P.O. Box 190, White Plains, NY 10602 
914-682-5650 
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If you're in the market for a magnetic 
resonance scanner, you know how many 
critical questions must be answered 
before you choose the right system. 


A Comp: 
and Res 
The facts 
company 


If all your MR questions 
were simple, anyone cou 


give you the answers. 


MG/5000-058A WLM 412 


That’s why it’s important to seek sound 
advice. And when you know MR is right 
for you, the time is right to talk to 
Siemens. 


Why Siemens? When it comes to 
magnetic resonance, we have the 
attributes you'll want in the company you 
do business with. 


A System That’s Right For You 
Because the needs of clinicians vary, 
siemens MAGNETOM MR systems 
encompass the requirements of a broad 
range of users. As a full-line supplier, we 
offer you what limited vendors simply 
cant: a level-headed, unbiased approach 
to equipment selection. Our experience is 
built on thousands of clinical case 
Studies at different field strengths. We 
can help you choose an MR system that 
will best do the job at your institution. 


Whichever MAGNETOM system you 
select, you can expect it to fulfill your 
goals of excellent image quality and high 
throughput. You'll need this kind of 
productivity to make your MR investment 
successful. 


Comprehensive Support and Service 
Siemens will help you maximize the 
return on your investment. We offer total, 
ongoing support. Realistic appraisals of 
your capital needs and patient volume. 
Experienced site planning with 
recommendations on shielding or even 
complete turnkey installations. 
Educational programs that begin before 
your MAGNETOM is delivered and 
continue with in-depth applications 
training. And we have the financial 
services to assist you in acquiring this 
new technology. 
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COMPUTED SONOGRAPHY 
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Contrast Resolution: Enlarged spleen, normal left kidney Penetration: Diffuse liver disease, small pleural effu 
Arkansas Childrens Hospital. Little Rock, AK 
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Detail and Contrast Resolution: Pediatric spine Imaging and Doppler: 15-49% ICA Stenosis 
Wlers Childrens Hospital, University of Chicago, Chicago, IL. 
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tCALCULUS IN RIGHT 
SUBMANDIBULAR GLAND 





Tissue Differentiation: Bilateral testes, epididymis Clinical Versatility: Submandibular gland 
Tufts New England Medical Center Boston, MA. Newcastle General Hospital, Newcastle, Uk 
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DISTANCE = 36. 4mm 
Near-field Resolution: Liver Mass Image Uniformity: Near and far-field liver lesions 
University of Alabama, Birmingham, AL University of Alabama, Birmingham, AL. 
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Early Diagnosis: Nine-week fetal spine PV Scan Format: ICA, intimal defect soft plaque 
Frauenklinik, Salzburg, Austria Huntington Memorial Hospital, Pasadena, CA. 
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Diagnostic Confidence: 2nd Trimester spinal defect Contrast Resolution: Differentiated neurogenic tumor, 


Diagnostic Ultrasound Association, Boston, MA normal thyroid 
Vancouver General Hospital, Vancouver B.C. 
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Comparing phased annular arrays and 
Computed Sonography” is like compar- 
ing a calculator to a computer. Phased 
annular arrays are conventional ultrasound 
technology—they are still mechanical 
scanners with all their inherent problems. 
Computed Sonography is new technology— 
the image is formed under total software 
control by our proprietary ultrasound com- 
puter. Look at the technologies. Then look at 
the images. There really is no comparison. 


COMPARE THE TECHNOLOGIES 
Image Quality 


" Phased annular arrays have typically 
5 information channels—not enough to 
maintain the uniform quality of focus 
necessary for the best detail and 
contrast resolution. 

* Computed Sonography has 128 inde- 
pendent image resolution channels— 
producing images recognized as the 
Gold Standard in Ultrasound. 


Reliability 
" Phased annular arrays are mechanical, 


fluid-filled sector scanners with a known 
history of reliability problems. 
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AS pre Annular Arrays 


Only Computed Sonography has 
enough channels to maintain 
excellent focal quality 
throughout the field of view. 





E 


F A C T S 


" Computed Sonography delivers 
documented 99.9% up-time. 


Linear Format 


” Now recognized as the best format 
for Small Parts, Peripheral Vascular and 
Obstetric applications. 


" Computed Sonography provides both 
linear and sector formats— phased 
annular arrays are sector only. 


Simultaneous Imaging 


” Only Computed Sonography provides 
simultaneous real-time imaging and 
Doppler or M-Mode—and from the 
same transducer. 


" Simultaneous real-time imaging makes 
Doppler faster to learn and easier to 
perform. 


EVALUATE THE TECHNOLOGIES 
AND THE IMAGES: THERE IS NO 
COMPARISON. 


* Call 1-800-4-ACUSON. 
Or in California 1-800-5-ACUSON. 
We'll make a believer out of you. 
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Nonionic contrast media that causes less 
pain than a leading ionic agent. 


» With Isovue, patients found 
procedures less painful; physicians 
saw fewer signs of distress 


lsovue-300 is low in osmolality— 616 mOsm/kg water. 
Using a visual analog scale, patients undergoing 
peripheral arteriography ranked their pain from “no 
pain” to “the worst pain | ever had.’ On a linear scale 
from zero to 12.4 cm, the mean pain rating for 99 
patients given a total of 155 injections of Isovue-300 
was 2.3 cm compared with 6.3 cm for 97 patients 
given a total of 144 injections of the ionic agent dia- 
trizoate meglumine and diatrizoate sodium 52%/8%. 
By observing signs of distress, such as movement 
and/or vocalization, physicians ranked patient distress 
as being absent, mild, moderate, or severe. When 
lsovue was compared with diatrizoate meglumine and 
@ diatrizoate sodium 52%/8%, the number of injections 
judged to cause severe distress was 2/299 (1%) com- 






pared with 23/293 (8%); moderate distress, 13/299 
(4%) compared with 58/293 (20%); mild distress, 
59/299 (20%) compared with 94/293 (32%); and no 
distress, 225/299 (75%) compared with 108/293 
(37%), respectively. 

As with all injectable contrast agents, the possi- 
bility of severe reactions should be borne in mind. 
(See brief summary of prescribing information on the 
last pages of this advertisement for a discussion of 
CONTRAINDICATIONS, WARNINGS, PRECAU- 
TIONS, and ADVERSE REACTIONS.) 


ISOWUE 
lopamidol injection 


Nonionic. Low in osmolality. 
Also for cerebral and 
selective visceral arteriography; 
aortography; intravenous CECT 
head and body imaging. 


Diagnostics 
For brief summary of prescribing information, 
see last page of this advertisement. 








ISOVUE®-300 

lopamido! Injection 61% 

ISOVUE®*-370 

lopamidol injection 76% 

DESCRIPTION—ISOVUE (iopamidol injection) is a nonionic radiopaque contrast me- 
dia for diagnostic use. The formulations are stable, aqueous, sterile, and nonpyrogenic 
solutions for intravascular administration. Each mL of ISOVUE-300 (iopamidol injec- 
tion 61%) provides 612 mg iopamidol with 1 mg tromethamine and 0.39 mg edetate 
calcium disodium. The solution contains approximately 0.037 mg (0.002 mEq) so- 
dium and 300 mg organically bound iodine per mL. Each mL. of ISOVUE-370 (iopamidol 
injection 76%) provides 755 mg iopamidol with 1 mg tromethamine and 0.48 mg edetate 
calcium disodium. The solution contains approximately 0.046 mg (0.002 mEq) so- 
dium and 370 mg organically bound iodine per mL. The pH has been adjusted to 6.5 to 
7.5 with hydrochloric acid. 

CONTRAINDICATIONS—None. 

WARNINGS— Use caution in patients with severely impaired renal function, combined 
renal and hepatic disease, or anuria, particularly when larger doses are administered. 
Radiopaque diagnostic contrast agents are potentially hazardous in patients with mul- 
tiple myeloma or other paraproteinemia, particularly in those with therapeutically re- 
sistant anuria. It has been speculated that the combination of the contrast agent and 
dehydration may be causative of anuria in myelomatous patients. This risk is not a 
contraindication; however, special precautions are required. Contrast media may pro- 
mote sickling in individuals who are homozygous for sickle cell disease when injected 
intravenously or intraarterially. Administration to patients known or suspected of hav- 
ing pheochromocytoma should be performed with extreme caution. If the possible 
benefits outweigh the considered risks, the procedures may be performed; however, 
the amount of the medium injected should be kept to an absolute minimum. Assess 
blood pressure throughout the procedure and have measures for treatment of a 
hypertensive crisis available. Monitor such patients very closely. Use caution in pa- 
tients with hyperthyroidism or with an autonomously functioning thyroid nodule be- 
cause of risk of thyroid storm. 

PRECAUTIONS: General—Diagnostic procedures should be carried out under the 
direction of personnel with the prerequisite training and a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available for 
coping with any complication of the procedure, or for emergency treatment of severe 
reaction to the agent itself. After parenteral administration, competent personnel and 
emergency facilities should be available for at least 30 to 60 minutes since severe 
delayed reactions may occur. Preparatory dehydration is dangerous and may con- 
tribute to acute renal faifure in susceptible patients. Patients should be well hydrated 
prior to and following administration. Reactions to the medium, including serious, lite- 
threatening, fatal, anaphylactoid or cardiovascular reactions, should always be con- 
sidered (see ADVERSE REACTIONS in the product package insert). Patients at 
increased risk include those with a history of a previous reaction to a contrast me- 
dium, a known sensitivity to iodine per se, and a known clinical hypersensitivity (bron- 
chial asthma, hay fever, and food allergies). Pretesting cannot be relied upon to predict 
severe reactions and may itself be hazardous for the patient. A thorough medical 
history with emphasis on allergy and hypersensitivity prior to the injection of any 
contrast medium may be more predictive and accurate than pretesting. Premedication 
with antihistamines or corticosteroids to avoid or minimize possible allergic reactions 
in such patients should be considered. General anesthesia may be indicated in some 
procedures in selected patients; however, a higher incidence of adverse reactions 
has been reported in anesthetized patients, which may be attributable to the inability 
of the patient to identify untoward symptoms, or to the hypotensive effect of anesthe- 
sia which can reduce cardiac output and increase the duration of exposure to the 
agent. Even though the osmolality is low compared to diatrizoate or iothalamate based 
ionic agents of comparable iodine concentration, the potential transitory increase in 
the circulatory osmotic load in patients with congestive heart failure requires caution 
during injection. Observe these patients for several hours following the procedure. In 
angiographic procedures, be aware of the possibility of dislodging plaques or dam- 
aging or perforating the vessel wall during catheter manipulations and contrast me- 
dium injection. Test injections to ensure proper catheter placement are suggested. 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis 

have been shown, in vitro, to be less than ionic contrast media at comparable concen- 
trations. For this reason, standard angiographic procedures should always be followed: 
angiographic catheters should be flushed frequently, and prolonged contact of blood 
with contrast in syringes and catheters should be avoided. Perform selective coronary 
arteriography only in those in whom the expected benefits outweigh the procedural 
risk. The inherent risks of angiocardiography in patients with chronic pulmonary em- 
physema must be weighed against the necessity for performing this procedure, 
Angiography should be avoided whenever possible in patients with homocystinuria, 
because of the risk of inducing thrombosis and embolism. 

Drug Interactions—Renal toxicity has been reported in a few patients with liver dys- 
function who were given oral cholecystographic agents followed by intravascular con- 
trast agents. Administration of intravascular agents should therefore be postponed in 
any patient with a known or suspected hepatic or biliary disorder who has recently 
received a cholecystographic contrast agent. Other drugs should not be admixed 
with iopamidol. 

Drug/Laboratory Test Interactions—PBI and radioactive iodine uptake studies will 
not accurately reflect thyroid function for up to 16 days following administration, how- 
ever T3 resin uptake and total or free thyroxine (T4) assays are not affected. Any test 
which might be affected by contrast media should be performed prior to administration 
of the contrast media. . 

Carcinogenesis, Mutagenesis, impairment of Fertility—in animal reproduction stud- 
ies performed on rats, intravenously administered iopamidol did not induce adverse 
effects on fertility or general reproductive performance. in studies to determine muta- 
‘genic activity, iopamidot did not cause any increase in mutation rates. 

Pregnancy Category B—No teratogenic effects attributable to iopamidol have been 
observed in teratology studies performed in animals. There are, however, no ade- 
quate and well controlled studies in pregnant women. it is not known whether iopamido! 
crosses the placental barrier or reaches fetal tissues. Because animal studies are not 
always predictive of human response, this drug should be used during pregnancy 
only if clearly needed. Radiologic procedures involve a certain risk related to the 
exposure of the fetus to ionizing radiation. 

Labor and Delivery—it is not known whether use during labor or delivery has immedi- 
ate or delayed adverse effects on the labor, the delivery or the newborn. 

Nursing Mothers—it is not known whether iopamidol is excreted in human milk. Use 
caution when contrast media are administered to nursing women because of poten- 
tial adverse reactions; consideration should be given to temporarily discontinuing 
nursing. 

Pediatric Use—Safety and effectiveness in.children have not been established. 
ADVERSE REACTIONS—Usually mild to moderate, self-limited and transient. In angio- 
cardiography (597 patients), the adverse reactions with an estimated incidence of one 
percent or higher are: hot flashes 3.4%; angina pectoris 3.0%; flushing 1.8%; brady- 


cardia 1.3%; hypotension 1.0%; hives 1.0%. Intravascular injection is frequently associ- 
ated with the sensation of warmth and pain, especially in peripheral arteriography; pain 
and warmth are less frequent and less severe with ISOVUE (iopamidol injection} than 
with diatrizoate meglumine and diatrizoate sodium injection. The following table of 
incidence of reactions is based on clinical studies with ISOVUE in about 1766 patients. 


Adverse Reactions 
Estimated Overall Incidence 
System > 1% <= 1% 
Cardiovascular none tachycardia 


hypotension 
hypertension 
myocardial ischemia 
circulatory collapse 
S-T segment depression 
bigeminy 
extrasystoles 
ventricular fibrillation 
angina pectoris 
bradycardia 
transient ischemic attack 
thrombophlebitis 

pain (2.2%) vasovagal reaction 

burning sensation (1.4%) tingling in arms 

grimace 

faintness 

vomiting 

anorexia 

throat constriction 

dyspnea 

pulmonary edema 

Skin and Appendages none rash 

urticaria 

pruritus 

flushing 

headache 

fever 

chilis 

excessive sweating 

back spasm 

taste alterations 

warmth in throat/arms/chest 

nasal congestion 

visual disturbances 

urinary retention 


Nervous 


Digestive nausea (1.2%) 


Respiratory none 


Body as a Whole hot flashes (1.5%) 


Special Senses none 


Urogenital none 


Regardless of the agent employed, overall estimated incidence of serious adverse 
reactions is higher with coronary arteriography than with other procedures. Cardiac 
decompensation, serious arrhythmias, or myocardial ischemia or infarction may oc- 
cur during coronary arteriography and left ventriculography. Following coronary and 
ventricular injections, certain electrocardiographic changes (increased QTc, increased 
R-R, T-wave amplitude) and certain hemodynamic changes (decreased systolic pres- 
sure) occurred less frequently with ISOVUE (iopamidol injection) than with diatrizoate 
meglumine and diatrizoate sodium injection; increased LVEDP occurred less frequently 
after ventricular iopamidol injections. In aortography, the risks of procedures also 
include injury to the aorta and neighboring organs, pleural puncture, renal damage 
including infarction and acute tubular necrosis with oliguria and anuria, accidental 
selective filling of the right renal artery during the translumbar procedure in the pres- 
ence of preexisting renal disease, retroperitoneal hemorrhage from the translumbar 
approach, and spinal cord injury and pathology associated with the syndrome of 
transverse myelitis. Adverse effects reported in literature include arrhythmia, arterial 
spasms, hematuria, periorbital edema, involuntary leg movement, malaise, and 
triggering of degtutition; some of these may be procedural. Other reactions due to 
procedural hazards include hemorrhage or pseudoaneurysms at the puncture site, 
brachial plexus palsy following axillary artery injections, chest pain, myocardial 
infarction, and transient changes in hepatorenal chemistry tests; and rarely arterial 
thrombosis, displacement of arteria! plaques, venous thrombosis, dissection of the 
coronary vessels and transient sinus arrest. 

General Adverse Reactions To Contrast Media~Reactions known to occur with par- 
enteral administration of iodinated ionic contrast agents (see the listing below) are 
possible with any nonionic agent. Life-threatening reactions and fatalities, mostly of 
cardiovascular origin, have occurred. Reported incidences of death from the admin- 
istration of other iodinated contrast media range from 6.6 per t million {0.00066%) to 1 
in 10,000 patients (0.01%). Foreign experience in approx. 2.4 million patients receiv- 
ing topamido! suggest a lower risk of mortality. Most deaths occur during injection or 
5 to 10 minutes later, the main feature being cardiac arrest with cardiovascular dis- 
ease as the main aggravating factor. Isolated reports of hypotensive collapse and 
shock (est. 0.005%) are found in the literature. Experience with iopamidol suggests 
there is much less discomfort (e.g., pain and/or warmth) with peripheral arteriogra-~ 
phy. Fewer changes are noted in ventricular function after ventriculography and coro- 
nary arteriography. The reported incidence of adverse reactions to contrast media in 
patients with a history of allergy is twice that for the general population; patients with a 
history of previous reactions to a contrast medium are three times more susceptible. 
Most reactions to intravascular contrast agents appear within 1-3 minutes after the 
start of injection, but delayed reactions may occur (see PRECAUTIONS, General). 
Adverse reactions reported with other intravascular contrast agents and theoretically 
possible with iopamidol include: Cardiovascular: vasodilation, cerebral hematomas, 
petechiae; Nervous: paresthesia, dizziness, convulsions, paralysis, coma; Respiratory: 
increased cough, asthma, laryngeal edema, pulmonary edema, bronchospasm, rhi- 
nitis; Skin and Appendages: injection site pain usually due.to extravasation and/or 
erythematous swelling, skin necrosis; Urogenital: osmotic nephrosis of proximal tu- 
bular cells, renal failure, pain; Special Senses: bilateral ocular irritation; lacrimation; 


conjunctival chemosis, infection, and conjunctivitis; Other: neutropenia, thrombo- 


phlebitis, flushing, pallor, weakness, severe retching and choking, wheezing, cramps, 
tremors, and sneezing. 


For full prescribing information consult package insert. (J3-652C} 


Under license from Bracco Industria Chimica S.p.A. U.S. Patent #4,001,323 


© 1986 E.R. Squibb & Sons, Inc., Princeton, NJ 646-503 Issued: Sept. 1986 





Magnetic mounting system 
allows instant adjustment 
of lightweight filter. 


® Victoreen, Inc. 


Improve image quality by providing 
amore uniform film density. 
Reduce patient exposure by 


selectively attenuating the 
x-ray beam. 


Reduce the need for multiple 
exposures. 


Transparent lead-plastic filters never 
block the collimator light field. 


Easy to use; mount to any collimator. 


For details on our full line of 
Image Compensators, 
request Bulletin 361-C. 





Finally, there’s an easy way to solve your imaging 
problems. With a CLEAR-Pb Filter you are assured 
of top-quality images the first time...every time 
Over and under-penetration of the patient are 
eliminated, and important details are improved 
dramatically. 


Try a CLEAR-Pb Filter. You will find one available for 
most routine exams. There's no easier or better way 
to obtain superb images... GUARANTEED!* 


Buy a 
CLEAR-Pb Filter and use it for 30 days. If it doesn’t 
meet your expectations, return it for full credit. 


NUCLEAR ASSOCIATES 


A Division of VICTOREEN, INC 


CARLE PLACE, NY 11514-1593 


(516) 741-6360 à 
VICTOREEN] A Subsidiary of Sheller-Globe Bi) 


THE BREAKTHROUGH IN IMAGE COMPENSATORS 











There are reasons 


SE. XRAY ACCESSORIES 


are preferred... 
PROVEN trrovsnoute wora 
UNEQUALLED in design, construction and—quality 
REPUTATION iiras 


è Motorized Viewers 

è Illuminators 

è Transfer Cabinets 
File Cabinets 

è Protective Panels 

e Protective Aprons 

e Wall Cassette Holders 

e Dryers 

e Safelights 

e Dark Room Cabinets 

e Storage Chests 

è Loading Bins 

è X-Ray Accessories 























For more than 30 years, S. & S. has been meeting 
Radiologists needs with a complete line of 
illuminators and accessories. 

Contact S. & S. or your local x-ray dealer for 
additional information. 


MANUFACTURED BY 
S. & S. X-RAY PRODUCTS INC. 


The Complete Line of 
X-Ray Accessories 
(800)221-6634 


Telephone: (212) 852-6900 
87-93 JAY STREET, BROOKLYN, N.Y. 11201 










See us at RSNA— 
Booth #2419 


ow to reduce the costs o 
bowel preparation 


before and after the X-ray 








Before 


Evac-Q-Kwik® helps 
+ keep hospital costs 
down by eliminating the 
staff time and labor 
javotyed in giving enemas. And everything 
needed for effective bowel evacuation is 
contained in one cost-effective kit. 





EVAC-Q-MAG* 


Nurses appreciate 
Evac-Q-Kwik because it 
can be administered 
during a single shift 
and completed g 
during one 
6-hour period. Patients prefer the 
simple, comfortable Evac-Q-Kwik 
procedure, too. Evac-Q-Kwik 
contains no sugar, no alcohol, 
and is low in sodium. 


EVAC-Q-TABS* 


EVAC-Q-KWIK* SUPPOSITORY 
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After 


Evac-Q-Kwik is the ideal 
bowel prep for today’s cost- 
conscious climate. It effec- 
tively cleans the colon for 
clear X-rays the first time, to 
reduce the need forexpen- ™ 
Sive, time-consuming retakes that escalate 


hospital costs. 
5 ® 
-Kwik 
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Adria Laboratories 
Columbus, OH 43215 





“Magnetic resonance imaging is already 
becoming standard in the diagnosis of 
disorders of the central nervous system. 

its noninvasive technology — using low 
electromagnetic energy instead of 
conventional x-rays — makes it one of the 
safest diagnostic tools we have. 

And its ability to observe body chemistry 
makes it one of the most precise. 

The films I see from THOMSON-CGR’s 
Magnascan 5000 are of unprecedented 
quality. The head images are absolutely 
the best available. 

What we’re talking about here isa 

revolution in medical diagnostics, and a 

company in the vanguard of that revolution.’ 





For more information call or write 
THOMSON-CGR, 10150 Old Columbia Road, 
Columbia, Md. 21046. (301) 964-6600. 
We’re THOMSON-CGR. We want you to know. 





© MC Escher Heirs c/o Cordon An-Baarn, Holland 
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Protective Products 
Colon Prepping Products 
Interventional Products 
Barium Products 


r- 


E-Z-EM° 


lis 


PERCEPTION 


No two people see things exactly the 
same way. Each of us combines what 
we see with what we know to create 
our own, unique perceptions. 


You've probably used E-Z-EM products 
for years, and think of us as “the 
barium company”. But we're more 
than that. Over the years we've ex- 
panded to become a full-line supplier 
of imaging products and services. 


We've grown because we've never 
stopped looking for new ways to help 
the radiologist and technologist, or 
lost our willingness to adapt our 
products to your personal perception 
of what you need. 


That's why our new PercuSet™ line of 
disposable procedure trays and our 
complete line of PercuCut™ biopsy 
needles can accommodate a wide 
range of options, and why our 
Pinnacle” protective garments can be 
custom adjusted for your comfort. It’s 
why our E-Z-EM Prep colon prepping 
systems were developed, and why 
we've always offered the broadest 
range of barium sulfate products. 


E-Z-EM 


More than barium— 
much more 





E-Z-EM, Inc., 7 Portland Ave., Westbury, N.Y. 11590, Toll Free 800-645-3052, In New York 516-333-8230 


© E-Z-EM. Inc. 1986 


p- Compare the two images below. Both 
are the same breast tissue specimen. One 
is a film screen image, the other, a 

Xeroradiograph. As 
you can clearly see, 
Xeroradiography 
shows calcifications 
easier. 
Small wonder 

that Xeroradiog- 

Z- N raphy is the most 

eee widely used method 

for mammography. 
Its wide recording latitude shows you 


the nipple to the chest wall on one image. 
This, together with the clarity provided by 
superior resolution and edge enhancement, 
allows calcifications to be seen anywhere in 
the breast. 

For more infor- 
mation, call or write 
Xerox Medical 
Systems, PO. Box | | 
5786, Pasadena, CA 91107, (818) 356-1221. 

Xeroradiography. It’s easy to see. And 
that’s why radiologists have made it the 
image of choice. 





It's easy to see 
_ why our 


image Is #1 





Film screen image of breast tissue specimen. 





Xeroradiograph of breast tissue specimen. 
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Armchair Research and the Practicing Radiologist 


Benjamin Felson’ 


When he invited me to give the Caldwell Lecture, Jerry 
Wiot said, “Please make it nonscientific.” Perhaps this should 
have disturbed me; but | knew what he meant:-One of the 
hallmarks of “maturity” is that your assignments become 
parascientific. To illustrate, | have been relegated recently to 
making television interviews of Living Legends in Radiology, 
to giving speeches with such titles as They Still Need the 
Conventional Radiologist and: Humor in Medicine, and to 
writing about The Tennis World of the Elderly. Since Jerry is 
still my boss, | once more acceded, and | have selected the 
title Armchair Research and the Practicing Radiologist. 

First let’s define some terms. | said armchair, not wheel- 
chair, indicating that the age of the researcher is not relevant 
to my thesis. By “armchair research” | mean research that 
uses instructive case material as a basis for creative thinking. 
It is also called clinical research, because neither the basic 
sciences nor animal or laboratory models are emphasized. 
The project is disease-oriented, and evidence pro and con is 
collected from information about the patient and from study 
of the literature. 

By “practicing radiologist” | refer to one working in a non- 
academic setting. As a group, practicing radiologists are a 
huge potential source of experience and clinical information. 


` | have heard all the excuses why many practitioners do not 
write, including the usual too busy, too tired, too many family 
and social obligations. None of these, in fact, is really valid 


because many practitioners do contribute to our scientific 
programs. and to our literature.’ For some radiologists the lure 
of inquiry and exposition is as compelling in practice as in 
academics. 

Armchair research requires only a few hours each week 
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(but every week, lest you forget where you've left off in your 
project). It takes self-discipline and a little imagination, but 
that’s about all. University connections, grants, and intellec- 
tual brilliance are not necessary. Planning, thinking, and work- 
ing are all that are required. Remember, virgin wool comes 
from ugly sheep. 

Let me cite some examples. Eugene Caldwell was an 
engineer, scientist, inventor, physician, and professor, but he 
later became a practicing radiologist who performed outstand- 
ing armchair research. 

Albert Einstein was one of the greatest armchair research- 
ers of ail time. This photograph (Fig. 1) is not of Albert Einstein, 
but of his look-alike, my late father-in-law, Jacob Raphaelson, 
who did some remarkable armchair research in optometry by 
proving the value of +1 lenses in preserving vision in children. 

| have known some splendid armchair researchers. Figure 
2 is of Louis Raider, a practicing radiologist in Mobile who 
called attention to a lucent triangle on the normal lateral chest 
film where the two lungs come together (Fig. 3). His fine paper 
was rejected by several well-known radiology journals, but 
he persisted [1]. This triangle lies along the main vertical 
thoroughfare through the thorax, and a lesion of the trachea, 
esophagus, thyroid, lymph nodes, or great vessels, often 
obscure on conventional posteroanterior and lateral views of 
the chest, can often be detected by noting opacity in this 
space (Fig. 4). A glance at Raider’s triangle on every lateral 
chest film is mandatory. This glance has.often saved my neck, 
and more important, the patient’s. 

Bert Pear (Fig. 5), who practices in Denver, has written 
some penetrating and scholarly articles. Among other sub- 
jects, he has studied amyloidosis and has called attention to 
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Fig. 1.—Armchair 
researcher (see 
text). 








ih 


calcification in pulmonary amyloid nodules [2, 3]. In fact, this 
bland form of amyloidosis can sometimes be diagnosed by 
the presence of multiple large indolent nodules, some calci- 
fied, that come in a variety of sizes and shapes (Fig. 6) [4]. 
Richard Mulvey of Cincinnati (Fig. 7) is another practicing 
radiologist who does imaginative and innovative armchair 
research. He was the first to describe the thymic wave sign 
[5], in which the large normal thymus can be recognized on 
the frontal chest film by the imprint of the costal cartilages on 
its lateral borders (Fig. 8). He also extended the concept of 
inversion of the diaphragm. By the simple expedient of giving 
a barium swallow to all patients with a large left pleural 


Fig. 2.—Louis Raider, Mobile, AL. 





Fig. 3.—Normal lateral view of chest showing 
Raider’s triangle, bounded anteriorly by back of 
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effusion (Fig. 9), he found that diaphragm inversion is com- 
mon, and he demonstrated its paradoxical motion with res- 
piration, a cause of life-threatening dyspnea [6]. Inversion of 
the diaphragm due to pleural effusion is not widely appreci- 
ated, even now. 

Mulvey called me recently to tell me how to distinguish 
between pleural fluid and edema in the subpleural or periph- 
eral space of Weibel [7]: simply turn the patient into the lateral 
decubitus with the involved side up (Fig. 10). CT also shows 
the fluid in Weibel’s space, but it costs a lot more. 

University radiologists do a lot of armchair research, too. 
Our major journals are full of it. | can illustrate this with some 
of the works of staff members in our department. 

Kenneth Kattan is an observant and effective armchairman 
(Fig. 11). Reading films at our mental hospital one day, he 
Saw a case in which the skull of a youth had thickened 
considerably over a few years (Fig. 12). Further investigation 
revealed that the patient was an epileptic. After more 
sleuthing, Kenneth showed that Dilantin therapy thickens the 
skull [8]! He also discovered the superior triangle sign of 
lower-lobe collapse (Fig. 13) [9] and the diaphragmatic tenting 
sign of upper-lobe collapse (Fig. 14) [10]. Kenneth has the 
effrontery to discover new signs and refer to illustrations in 
my book that demonstrate them. The pain is lessened by his 
use of Fraser and Paré for similar purposes. 

Donald Heimbrock (Fig. 15) was the first to observe signs 
of intramural bleeding in the renal pelvis and ureter from 
Coumadin (warfarin) overdosage (Fig. 16) [11]. Jerome Wiot 
(Fig. 17) described the same condition in the duodenum 
[12]. My own armchair research in regard to the silhouette 
sign worked out pretty well [13], but | have failed miserably 
to prove experimentally the physical principle behind it [14]. 

Apart from advancing medical knowledge, armchair re- 
search provides benefits for the researcher. It is a great 





Fig. 4.—Posterior right aortic arch (arrow) 
seen in Raider’s triangle. 


trachea (T), inferiorly by aortic arch (AA), pos- 
teriorly by spine (S), and superiorly by thoracic 
inlet. Scapular margins sometimes project 


across it. 
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Fig. 5.—Bert Lincoln Pear, Denver, CO. 








Fig. 6.—Amyloidosis of the lung. A, Right lung. B, Left lung. Pulmonary nodules are indolent, sharply 
outlined, and widely varying in shape and size. Note stippled calcium in lowermost nodule in B. This 
combination of findings is almost diagnostic of nodular pulmonary amyloidosis, a benign disease. 
(Courtesy of Seminars in Roentgenology [4]). 





Fig. 7.—Richard B. Mulvey, Cincinnati, OH. 


Fig. 8.—Thymic wave sign (on a calm day). Fig. 9.—Inversion of left hemidiaphragm, in- 
Enlargement of right side of mediastinum in this dicated by marked downward and medial dis- 
child can be recognized as normal thymus tissue placement of fundus of stomach with indentation 
by the wavy indentations produced by third, of left margin. Spleen (arrows) is not enlarged. 
fourth, and fifth costal cartilages. Diaphragm inversion is a common event, gener- 

ally caused by large left pleural effusion but 
sometimes by intrathoracic tumor or cyst. Para- 
doxical motion of the two leaves of diaphragm 
occurs and may result in severe dyspnea from 
pendulum breathing. 
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Fig. 10.—Distinction between free pleural 
fluid and subpleural alveolar edema. 

A, Posteroanterior radiograph. Patient is in 
cardiac failure and there is a moderate-sized 
right pleural effusion. 

B, Left lateral decubitus (film printed upright 
for comparison). Free pleural fluid has gravitated 
medially. Remaining density in costophrenic an- 
gle (curved arrow) is attributable to subpleural 
alveolar edema, confirmed on CT. 















Fig. 11.—Kenneth R. Kattan, Cincinnati, OH. 


Fig. 12.—Lateral views of skull in 14-year-old epileptic boy. A, Before Dilantin treatment. B, After 3 
years of Dilantin, 100 mg twice daily. Note marked widening of diploe. (Courtesy of American Journal 


of Roentgenology [8]). 
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Fig. 14.—Tenting of right hemidiaphragm 
(black arrow) in upper lobe collapse. Note thick 
strip along right border of trachea (white ar- 
row), which represents marked collapse of 
right upper lobe secondary to tuberculosis. 
Right hilum is drawn upward and is higher than 
left. (Courtesy of Seminars in Roentgenology 


[10]). 





Fig. 13.—Superior triangle sign due to shift of 
anterior mediastinum (arrows), indicating collapse 
of lower lobe. Middle lobe is also collapsed. Unlike 
right upper lobe collapse, triangle stops at right 
clavicle, indicating its anterior location. Lower end 
of triangle continues downward as anterior junc- 
tion line. Right hilum is depressed. (Courtesy of 
Radiology [9]). 





Fig. 15.—Donald J. Heimbrock, Cincinnati, Fig. 16.—Intramural bleeding of renal pelvis Fig. 17.—Jerome F. Wiot, Cincinnati, OH. 
OH. and ureter following Coumadin (warfarin) over- 
dosage. Note fine bubbly pattern in pelvis and 
upper ureter, the “champagne” sign. Subse- 
quent urogram showed normal pelvis and ureter. 
(Courtesy of Radiology [11]). 


learning device, and the knowledge acquired is never forgot- follow. But mostly it's fun—the sheer pleasure of learning 
ten. To paraphrase Daniel Drake: “Write much, publish little, and teaching is its own reward. 
and learn a lot.” Pride and self-respect well up when the How to get started? The selection of a topic depends, of 


author sees his opus in print, and prestige and credibility soon course, On one’s interest and experience, but the subject 
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Fig. 19.—Left multicystic kidney. 
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Fig. 18.—Carcinoma of lung complicating li- 
poid pneumonia. 

A, Plain chest film shows large density in right 
upper lung. 

B, CT at mediastinal setting. Note lucency in 
medial portion of pulmonary lesion. Bronchial 
brushing of lesion showed oil droplets and intra- 
cellular lipid deposits. Patient history indicated 
that he nightly anointed his throat with vaseline. 
At surgery 1 month later, right upper lobe was 
resected, showed squamous carcinoma, grade 
1, with cavitation and central necrosis. (Courtesy 
of John A. Campbell, Los Angeles, and the Amer- 
ican Journal of Roentgenology [15]). 


A, Urogram shows poor renal function and large ringlike shadows (arrowheads). 
B, Multicystic kidney was resected. Specimen radiograph was obtained after barium suspension was injected into the ureter proximal to atretic segment. 


All cysts intercommunicated. 


C, Surgical specimen of another unilateral multicystic kidney with pelvoinfundibular atresia preventing intercommunication. (Courtesy of Seminars in 


Roentgenology [17, 18]. 


should not strain credulity. An article on the radiology of heart 
transplants coming from Minot, ND, would sound as flat as a 
bugler with a hernia. But many articles on the newer tech- 
niques are being written by practicing radiologists who, early 
on, have acquired the appropriate equipment, often before 
academic institutions. 

Begin with a case report? Fine. | ran across a patient with 
mineral oil pneumonia who developed bronchogenic carci- 
noma (Fig. 18), and put it in my “crazy” file. Before | knew it, 
| had four more cases, some contributed by colleagues [15]. 

Keep your unique cases at hand. Every 6 months or so, | 


go through my own file of exceptional cases and reestablish 
follow-up. This type of file pays dividends. For example, more 
than 30 years ago, | saw two infants whose urograms showed 
a very poorly functioning kidney with faint ring shadows (Fig. 
19). At surgery, unilateral multicystic kidney with intercom- 
municating cysts was found in both. | considered this strong 
evidence that multicystic kidney was really endstage fetal 
hydronephrosis. But what of the unilateral multicystic kidneys 
that didn’t show communicating cysts? Twenty years later, 
Thorne Griscom of Boston described a form of multicystic 
kidney with pelvoinfundibular atresia preventing intercommu- 
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Fig. 20.—Torsion of left upper lobe secondary 
to a large squamous Carcinoma. 

A, Tumor lies in extreme apex. = 

B, Tumor has gone “downstairs.” Left upper - 
lobe has obviously rotated on its vertical axis. 
No collapse or air trapping was demonstrated. 
Mass shifted its position on a number of occa- 
sions. 

C, D, Spontaneous pneumothorax shows 
mass within upper lobe. Note change in position 
of lingula (arrows). 


nication. This was the missing link that had baffled me. The 
two observations together, his and mine, have clarified the 
pathogenesis of unilateral multicystic kidney [16-18]. 

Someone once showed me a case of torsion or volvulus of 
the lung. | put it in the crazy file and soon gathered eight more 
cases of this fascinating condition (Fig. 20). Finding additional 
cases of an entity is more than coincidence. Awareness of a 
condition previously overlooked facilitates discovery of more 
examples. 

It is important to wonder and ponder about something you 





ARMCHAIR RESEARCH AND PRACTICING RADIOLOGIST 887 





don't understand. Emerson once remarked that there is al- 
most no expense that man will spare to avoid thinking. Let 
this not apply to you. Some years ago, speculation and 
observation led me to conclude that there are two types of 
right aortic arch, an anterior one associated with cyanotic 
heart disease, and a posterior one without cyanotic heart 
disease (Fig. 4). A fantastic coincidence occurred in this 
connection. Showing this material in a conference at Mayo 
Clinic, | randomly selected a young man in the audience and 
asked him which patient had cyanotic heart disease. He 
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responded immediately with the correct answer. How could 
he have known? Well, he had just completed his graduate 
treatise on the right aortic arch! At that moment, James 
Stewart and Ben Felson were probably the only two people 
in the world aware of the two types of right aortic arch [19, 
20]. 

Collecting and documenting material is much easier today 
than in the past. Film copiers, indexing methods, home com- 
puters, library systems, and copying machines are invaluable 
to the researcher. Just around the corner is digital videore- 
cording with computer retrieval. One can and should create 
a personal information system for coding, storing, and retriev- 
ing. If | were starting over today, ld do it with a home 
computer, but | believe that a computerized videorecorder 
will be much more effective in the future. 

Follow-up of personal cases through the pathology depart- 
ment, medical record room, clinicians, or even direct patient 
contact is absolutely essential for reliability and validation of 
conclusions. | like the acronym GOYA, meaning Get Off Your 
Ass—and check on your patient. Documenting a diagnosis 
by determining its accuracy has a fascination of its own. 
Furthermore, I've learned and remembered more medicine 
through follow-up than any other way. 

Literature review must be careful and thorough, lest your 
accuracy be flawed, your honesty questioned, or your credi- 
bility impaired. Our paper on traumatic intramural hematoma 
had been completed and submitted when | accidentally came 
upon an article that | had previously read and forgotten on 
the same subject [21, 22]. Of course, due credit was ap- 
pended. 

Discovery and innovation are not essential for a valuable 
contribution. Rudolf Hanke and his colleague, Richard 
Kretschmar, practicing radiologists in Germany who do metic- 
ulous armchair research, amassed 90 cases of a little-known 
condition, rounded atelectasis, recognizing this innocuous 
lesion by its pathognomonic signs: the comet shadow and 
the overlying localized peel of pleural thickening (Fig. 21) 
[23]. | have now seen more than 30 cases personally in less 
than 10 years [24]. Where were they before? 

Writing the paper is an important part of the process, since 
acceptance for publication often depends on how much edit- 
ing may be required. It is important to follow the guidelines 
for authors of each journal. Good grammar and interesting 
prose are helpful, yet many radiologists are unable to provide 
them. Elegant phrasing is not needed; simply stated facts and 
clearly worded conclusions are adequate for most editors. 
There is no substitute for drudgery here; many drafts are 
necessary, and review by an experienced writer may be 
immeasurably helpful. If your message is worthy of publica- 
tion, invest the effort until the paper conveys it clearly and 
convincingly. Of course, assistance must be acknowledged. 
This is not only fair, but will avert ill feelings. 

If appropriate, give your discovery a catchy name. It may 
help it gain attention. | published a sign of traumatic diaphrag- 
matic hernia more than 25 years ago [25]. It has proved 
infallible in about 100 cases (Figs. 22 and 23), but was 
generally ignored until about 5 years ago, when | gave it a 
name, the “lovebird sign.” Guess what? It’s catching on. 

Honesty in fact and in findings is essential. Mistakes can 
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Fig. 21.—Rounded atelectasis. Lateral tomogram shows comet sign, 
curving tail (curved white arrow) extending from lower anterior margin of 
mass. Thick pleural peel (straight white arrow) overlays body of comet. 
Black arrow points to displaced major fissure with opaque pulmonary 
tissue extending along its margin. On posteroanterior film, right hilum was 
depressed, indicating partial right lower lobe collapse. 


be instructive but it might be prudent to wait for the statute 
of limitations to expire before airing them, as | did with my 
report on plaster of Paris GI series [26]. Avoid unverified 
statements that may be erroneous. It takes only one to make 
the author appear foolish. In a recent publication, the silhou- 
ette sign was attributed to the author of an article published 
in 1965, some 15 years after it was first reported! 

Getting the paper accepted for publication is inordinately 
difficult and frustrating. The information explosion is as great 
in radiology as in any other medical field, if not greater, and 
there is only so much available space, despite the many new 
journals in our field. Just remember that Saul Bellow, Nobel 
Prize winner, was an unsuccessful writer until the age of 50. 
However, many journals now accept nearly 50% of major 
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Fig. 22.—Diagram of traumatic her- 
nia of colon through left hemidia- 
phragm. Barium is indicated in white. 

A, Note that colon is constricted at 
four points, causing four beaklike con- 
tours, and that points of thoracic entry 
and exit (arrows) lie side by side. 
“Love-bird sign” is indicated by two 
beaks on each side of diaphragm, rep- 
resenting two sets of cuddling birds. 

B, Colon is obstructed proximally. 
The cross-hatched transverse colon is 
distended with gas. Only three beaks 
are outlined by barium. 

C, Distal obstruction. Only one beak 
is seen, and proximal intrathoracic and 
abdominal segments of colon (cross- 
hatched) are distended. 





Fig. 23.—Barium study in a nonobstructed traumatic diaphragmatic 
hernia. Knuckle of colon lies in chest. Note lovebird sign (transverse 
arrows). Intact segment of left hemidiaphragm is visible (vertical arrow). 
(Courtesy of American Journal of Roentgenology [25]). 


papers (but fewer case reports). A worthwhile paper will 
generally be accepted by one editor or another. As everyone 
knows, considerable “junk” does get into print. Why not 
yours? 

Rejection kills initiative, but remember that editors are 
fallible, human, sometimes inconsistent, and occasionally 
fickle. What appeals to one may not interest another. Perse- 
verence, rewriting, and resubmission to the same or to a less 
demanding journal may pay off. In fact, rejection can be 
constructive and the paper may be improved in the process. 

It is an editor and publisher's world, and some make the 
most of their power. Here is some gratuitous heresy: | believe 
it is fair to submit a manuscript to several journals simulta- 
neously. Some journals don’t even acknowledge receipt of 
manuscripts for several months, and the publication decision 
often takes many months more. Why should an author have 
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to go through this process more than once? If concurrent 
sentences are acceptable in jurisprudence, why not concur- 
rent sentences for editors? Of course, this practice makes for 
more manuscripts and extra work for editors, so | offer a 
compromise: If the editorial decision to accept or reject is not 
received within 3 months, the author can (and should) submit 
elsewhere. Of course, the contribution should only be pub- 
lished one time, and | suggest first acceptance, first served. 
In desperation, you might consider publishing and distributing 
your article yourself. With a book this effort may even prove 
lucrative. Gamuts in Radiology was such a venture [27]. 

The budding author should take certain precautions. In 
listing the authors, be the first. Senior authorship is conven- 
tionally for the person who did the work. Any other names 
should only merit coauthorship if they have contributed. No 
gifts! And never be number 4 or higher. Et al. is for drinking, 
not writing. | don’t understand why so many articles have five 
or more authors. Is the philosophy “l'Il scrub your back if you 
scrub mine,” or are the individual authors spreading respon- 
sibility for a poor production? | suppose polyauthorship is 
sometimes appropriate; it is a reality of modern publishing 
[28]. 

Stealing and plagiarism are rampant in medicine. The old 
cliché is, “When you steal from many it is called research, but 
when you steal from one it is plagiarism.” C. P. Li and his 
colleagues in a small town in Ohio made a magnificent diag- 
nosis of Canada-Cronkhite syndrome in a patient whose colon 
polyps spontaneously regressed. The patient and his diag- 
nosis were sent to a well-known Ohio institution, from which 
the case was published without reference to the true heroes. 
My own black pleural sign [29] suffered a similar fate, but 
how can | complain when our Gamut book contains so much 
“borrowed” material? 

To sum up, | submit that preparing a publication is a great 
way to learn and an opportunity to probe deeply into a specific 
area. An unpublished article becomes a project, and projects 
are instructive. A published paper is even more; it’s a source 
of pride and can be an exhilarating experience. 

| would like to close on a sentimental note. At this moment, 
| feel a bit like a patriarch surrounded by his extended family. 
Jerry Wiot is my Number One Son who, like his counterpart, 
my eldest son Steve, is possessed of many talents, and like 
my youngest son Ed, looks out for me. My former residents 
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(my first one, Pat Lynch, deserves special mention) seem like 
my own children, warm, loyal, and dedicated to me as well 
as to their profession. The present residents, like my grand- 
children, are friendly and respectful but have closer ties else- 
where. Some of my older radiologic colleagues, like my own 
siblings, have been long-suffering supporters, and several 
have played a major role in my career. To the rest of you, 
both academic and practising radiologists, | am indebted for 
the teaching and learning opportunities you have provided 
me over these 40 years. For my final acknowledgment there 
is no counterpart: my wife of 50 years, Virginia, whose 
warmth, cooperation, and humor have always sustained me. 
Her approval has been my inspiration and my reward. 
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MR Imaging of the Lumbar 
Spine: Anatomic Correlations and 
the Effects of Technical Variations 





A correlative anatomic study, a retrospective review of MR images performed in 35 
patients, and a series of tests of the effectiveness of various MR scanning techniques 
were performed in order to improve comprehension of lumbar spine anatomy depicted 
on MR images, and thereby facilitate development of an optimal scanning protocol. 
Correlation of MR images with cryomicrotomed cadaver specimens enhanced under- 
standing of the MR depiction of the intervertebral disks, ligamentum flavum, nerve roots, 
epidural fat, and epidural veins. Experiments were performed to assess the efficacy of 
a surface coil applied to the back, a solenoidal surface coil, a standard body coil, and 
an abdominal compression device in optimizing image quality. Experiments were also 
performed to determine the effect of alterations in the pulse sequence and variations of 
the phase-encoding axis. Based on these results, a protocol is proposed for routine 
imaging of the lumbar spine that yields high-resolution sagittal and oblique images and 
that does not require a surface coil. The recommended protocol employs heavily T1- 
weighted images with phase encoding along the z axis for sagittal images and along 
the x axis for axial images. This protocol yields multiple sagittal and oblique axial images 
through each of the lumbar disks, a larger field of view than obtained with surface coils, 
and a reduction of total imaging time to as little as 10 min. 


MR imaging is a valuable tool for the evaluation of disorders of the lumbar spine 
[1-9]. Although MR evaluation of the lumbar spine was initially limited by low 
spatial resolution, with continued technologic advances spatial resolution has begun 
to approach that of CT. MR imaging permits the lumbar spine to be directly imaged 
in multiple planes and the conus medullaris to be routinely visualized. Furthermore, 
MR imaging does not require the injection of intrathecal or IV contrast material, is 
painiess, and poses no known biological risk. MR imaging may detect disease of 
the bone marrow with a high degree of sensitivity, a theoretical advantage in the 
evaluation of metastatic disease, infarction, and infection. The inherent contrast 
between the various tissues of the lumbar spine is greater with MR imaging than 
with CT. For these reasons, MR imaging promises to be a superior technique for 
evaluating disease of the lumbar spine. Until now, however, two major factors have 
limited its clinical success: a relatively long examination time and spatial resolution 
inferior to that obtained with CT or myelography. 

We report the results of a correlative anatomic study, a retrospective review of 
Clinical MR images, and a series of tests of the effectiveness of various MR 
scanning techniques in the evaluation of the lumbar spine. Based on these results, 
a method is proposed for MR imaging of the lumbar spine that requires as little as 
10 min of imaging time, that results in a higher signal-to-noise ratio than has been 
achieved using conventional methods, and that produces images with a larger 
effective field of view than those produced using planar surface coils. 


Materials and Methods 


All scans were performed with 0.3-T imaging systems (Fonar B-3000 permanent magnet 
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and B-3000m hybrid permanent/resistive magnet). The anatomy of 
the lumbar spine as depicted on MR images was analyzed by 
correlating the scans of nine volunteers with matched color photo- 
graphs of cryomicrotomed cadaver specimens. The technique of 
cryomicrotomy has been described and the method of indirect cor- 
relation validated in previous studies [10-12]. Three cadaver spines 
were sectioned in the axial, coronal, and sagittal planes, respectively. 
Features of normal and pathologic anatomy were also examined by 
reviewing the scans of 35 patients that were produced with a variety 
of MR imaging techniques. The volunteers and patients were exam- 
ined using spin-echo pulse sequences, with TE varying from 14 to 
112 msec and TR from 167 to 3450 msec. The scans were performed 
with a standard body coil, a solenoidal belt coil wrapped circumfer- 
entially around the torso, or a surface coil applied to the back. 
Multislice images were made by employing either a 256 x 256 matrix 
interpolated to a 512 x 512 matrix or a direct 512 x 512 matrix, 
employing from two to six acquisitions. Pixels varied from 0.5 to 1.25 
mm, and slice thickness varied from 5 mm to 1.25 cm. 

A series of tests of the surface coils and of various scanning 
techniques were also performed, as described below. 


Experiment 1 


In this experiment, the effects of limiting respiratory motion were 
studied by obtaining images in the same volunteers both with and 
without the use of an abdominal compression device. Two volunteers 
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Fig. 1.—Matched sagittal and parasagittal 
cryomicrotomed specimens and MR images (SE/ 
500/28, four excitations, 5-mm-thick slices, 0.75- 

mm pixels) of lower lumbar spine. 
oa: eae A, B, Midline sagittal section. Region of mod- 
Wp a> eS ERP 
SRR EAA S aa 


A 
— 


erate signal intensity in intervertebral disk rep- 
r a mee resents both nucleus pulposus and surrounding 

S ems centralmost portion of anulus fibrosus. High-in- 
tensity line at region posterior to vertebral bodies 
(arrows) represents epidural fat and veins. 

C, D, Parasagittal section. Nerve root is clearly 
seen as moderate-intensity structure (shorter 
black arrow) surrounded by high-intensity epi- 
dural fat (curved arrow). Vertical line of moder- 
ate intensity within apophyseal joint (open ar- 
row) represents hyaline cartilage and synovial 
fluid. Note direct depiction of medullary bone of 
pedicle (/ong arrow). 


were studied, with both axial and sagittal images obtained by using 
a standard body coil. For the spin-echo pulse sequence, either TR = 
277, TE = 28 (SE/277/28) or TR = 500, TE = 28 (SE/500/28) were 
used. Phase encoding for this experiment was along the y axis 
(anterior to posterior). The abdominal compression device consisted 
of a cloth and plexiglass band ordinarily used for IV urography. 


Experiment 2 


The effectiveness of various surface coils was studied by examin- 
ing the same volunteer with a standard body coil, a solenoid surface 
coil circumferentially wrapped around the torso, and a planar-type 
surface coil applied to the back. A spin-echo pulse sequence was 
used (SE/277/28, two excitations, 7-mm slice thickness, 1.0-mm 
pixels, 256 x 256 matrix). 


Experiment 3 


The effect of varying the phase-encoding axis was studied by 
obtaining images in the same subjects with all factors held constant, 
except that phase encoding was varied from the y axis to the x axis 
(left to right) for axial images and from the y axis to the z axis 
(cephalocaudal) for sagittal images. Three volunteers and one patient 
were studied in this manner, again using T1-weighted spin-echo 
techniques. 
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Fig. 2.—Axial cryomicrotomed specimen and 
matched MR image (SE/500/28, four excitations, 
5-mm-thick slices, 0.75-mm pixels). 

A, B, L4-L5 disk level. Again note that anulus 
fibrosus yields moderate signal intensity, blend- 
ing with nucleus pulposus. Only vertically ori- 
ented collagen fibers at periphery of disk (white 
arrow) yield low signal. Individual nerve roots 
(long black arrow) are depicted as moderate- 
intensity circular structures surrounded by low- 
intensity CSF. Exiting nerve root is also clearly 
seen (open arrow). Again note moderate-inten- 
sity line (crossed arrow) within apophyseal 
joints, representing hyaline cartilage and syno- 
vial fluid. Ligamentum flavum (curved arrow) 
yields moderate signal intensity and is distin- 
guishable from both high-intensity epidural fat 
and adjacent black cortical bone of lamina. 

C, D, Section at level of pedicle. Note direct 
visualization of medullary bone of pedicle (ar- 
row) and vertebral body. Intravertebral venous 
channels (open arrow) are also evident on MR 
image (C). 


Fig. 3—A, Coronal MR image (SE/500/28, four 
excitations, 5-mm-thick slice, 0.75-mm pixels). 

B, More highly magnified cadaver specimen. 
Exiting nerve roots (arrows) are seen coursing 
under ipsilateral pedicles. Focal nodular enlarge- 
ment of nerve roots (crossed arrows) represents 
dorsal root ganglion. 


Results 


Anatomic Correlation 
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specimens. This technique proved invaluable in the definitive 
identification of structures seen on the MR images. For ex- 
ample, the ligamentum flavum, thought previously to be a 


Figures 1-3 illustrate the correlation of the MR images and low-intensity structure indistinguishable from the adjacent 
the matched color photographs of cryomicrotomed cadaver cortical bone of the lamina, was found instead to yield a 
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moderate signal on T1-weighted images (Fig. 2A; also see 
Fig. 11), and was easily identified as a structure separate 
from both the cortical bone and thecal sac. A thin line of 
moderate-to-high signal intensity within the diarthroidal apo- 
physeal joints was found to represent hyaline cartilage and 
perhaps additionally a thin film of synovial fluid. This correlated 
well with earlier studies, which revealed that on T1-weighted 
images hyaline cartilage yielded a relatively high signal inten- 
sity [12]. On T1-weighted images (i.e., TE = 28 msec and TR 
= 500 msec), the nerve roots were easily distinguished within 
the thecal sac, and the dorsal root ganglia were identified on 
both coronal and axial images. A thin layer of high signal 
intensity posterior to the L5 vertebral body and upper sacrum 
represented epidural fat and epidural veins, and allowed the 
posterior margin of the L5-S1 disk to be distinguished from 
the thecal sac even on T1-weighted images (SE/500/28). As 
other observers have recently reported, the moderately in- 
tense signal of the core of the intervertebral disk seen on T1- 
weighted images was found to represent both the nucleus 
pulposus and a contiguous portion of the anulus fibrosus, not 
merely the nucleus pulposus alone, as was initially reported 
[7]. The medullary bone of the vertebra was visualized, and 
intravertebral venous channels were identified [13]. Visuali- 
zation of this detailed anatomy required pixels less than 1.0 
mm and slices less than 1.0 cm, both of which were obtainable 
with the standard body coil or either of the surface coils. 


Optimal Scanning Technique 


Optimal spatial resolution.—An improvement in anatomic 
detail compared with that exhibited in previous reports was 
evident in images with pixels equal to or less than 1.0 mm, a 
slice thickness equal to or less than 5 mm, and a 256 x 256 
matrix. The doubling in image time required to acquire images 
on a direct 512 x 512 matrix (rather than 256 x 256) resulted 
in more artifacts due to patient motion, which may contribute 
to a decrease in resolving power [14]. We empirically ob- 
served that when the matrix size was maintained at 256 x 
256 (interpolated to 512 x 512 for display) and the pixel size 
was reduced from 1.25 to 0.75 mm by steepening the coil 
gradients, the resolution significantly improved. 

Optimal pulse sequence.—Since a fundamental advantage 
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Fig. 4.—Sagittal images of lumbar spine. A, 
SE/500/28. Nucleus pulposus and surrounding 
centralmost portion of anulus fibrosus are indis- 
tinguishable in signal. Only peripheral fibers of 
anulus fibrosus yield low-intensity signal (thick 
arrow). Note posterior bowing of high-intensity 
line (thin arrow) posterior to bulging L4-L5 disk. 
This displacement of epidural fat and veins aids 
in detection of disk bulges on T1-weighted im- 
ages. 

B, Same patient imaged using SE/1500/28. 
With increase in TR, CSF, nerve roots (arrow), 
and normal nucleus increase in signal intensity. 
Is disk bulge at L4-L5 seen better than in A? 
Acquisition time for scan in B was three times 
that for A. 


of MR imaging over other imaging techniques is excellent 
inherent soft-tissue contrast, it is imperative to employ pulse 
sequences that optimize the contrast differences between 
neighboring tissues. The optimal pulse sequence should allow 
the discrimination by difference in signal intensity between 
ligamentum flavum, thecal sac, and intervertebral disks. Ret- 
rospective review of the scans performed in 35 patients and 
nine volunteers disclosed that on conventional T1-weighted 
images (SE/500/28) the signal intensity of the CSF was 
homogeneously low, allowing discrimination of the nerve roots 
and ligamentum flavum from the CSF. However, the periph- 
eral fibers of the anulus fibrosus were also of low signal 
intensity, resulting in poor discrimination between the poste- 
rior margin of the disk and thecal sac. This problem was 
somewhat alleviated at the L5-S1 level by the high-intensity 
epidural fat and veins that are interposed between the disk 
and the thecal sac, providing a consistently visible marker for 
the posterior margin of the disk when high-resolution scans 
are performed (pixels <0.75 mm) (seen on Fig. 4A; also seen 
on Figs. 1A, 6, 8, and 12). Even at the L2-L3 and L3-L4 
levels, bulging disks were occasionally recognized on T1- 
weighted images by means of a thin line of moderate signal 
intensity posterior to the disk, representing displaced epidural 
veins and/or fat (Fig. 4). This finding has not been previously 
reported, possibly because of the lower resolution of older 
images. On T1-weighted images, the nucleus pulposus and 
the greater part of the anulus were isointense. Only the outer, 
poorly hydrated fibrocartilaginous elements of the anulus and 
the vertically oriented collagen fibers at the periphery of the 
disk were low in signal intensity on T1-weighted images. A 
progressive increase in TR led to a corresponding increase in 
the relative signal intensity of the nerve roots, CSF, and 
normal nucleus pulposus. Neighboring structures could be 
easily differentiated by differences in signal intensity when a 
SE/1500/28 pulse sequence was used (Fig. 5). On images 
produced with this sequence, the nerve roots were higher in 
signal intensity than the CSF, which in turn was higher in 
signal intensity than the peripheral fibers of the anulus. With 
progressive T2 weighting (increase in TE and TR), the signal 
intensity of the entire thecal sac increased to the point at 
which nerve roots were no longer visible (Fig. 6). With extreme 
T2 weighting, the signal intensities of the normal nucleus 
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Fig. 5.—Sagittal image of lumbar spine em- 
ploying SE/1500/28 sequence. Nucleus pulpo- 
sus and surrounding centralmost portion of 
anulus fibrosus are isointense, and are easily 
distinguishable from CSF, nerve roots, and pe- 
ripheral fibers of anulus fibrosus, each of which 
yields different signal intensities. 


pulposus and thecal sac became indistinguishable. Within the 
thecal sac, lesions with a long T2, such as the inflammatory 
tissue caused by arachnoiditis, could not be distinguished 
from CSF on heavily T2-weighted images (Fig. 7). Although 
the resultant “metrizamide effect” on T2-weighted images 
increased the contrast difference between the anulus and the 
CSF, this was not significantly greater from a clinical viewpoint 
than on images produced with an SE/1500/28 sequence. 
With progressive T2 weighting, the signal intensity of the 
more central fibers of the anulus fibrosus diminished (Fig. 7). 
This finding correlated well with the in vitro measurements 
reported by Modic et al. [6], who found the anulus fibrosus 
to have significantly shorter T1 and T2 values than the nucleus 
pulposus. Acquisition time for a pulse sequence with a TR of 
3450 msec was, of course, seven times longer than for a TR 
of 500 msec, resulting in greater motion artifact and a poorer 
image signal-to-noise ratio. The image signal-to-noise ratio 
also gradually decreased as the TE was progressively in- 
creased. 

In an attempt to optimize visualization of T1 differences 
between the nucleus, anulus, and CSF, a more heavily T1- 
weighted pulse sequence was employed than has been pre- 
viously used for spine imaging. On images produced with a 
SE/266/14 sequence, the anulus fibrosus increased in relative 
signal, becoming isointense to the nucleus and distinguishable 
from adjacent low-intensity CSF (Fig. 8). These results cor- 
related well with the single published image of the lumbar 
spine obtained with a similar sequence [7]. With this se- 
quence, the nerve roots and ligamentum flavum were also 
readily distinguished from CSF. A very thin low-intensity line 
continued to be seen at the periphery of the disk, correspond- 
ing to the site of vertically oriented collagen fibers anatomically 
present at the disk margin. This heavily T1-weighted se- 
quence therefore resulted in better contrast resolution of the 
lumbar spine while requiring only a small fraction of the time 
necessary to perform T2-weighted images. Furthermore, le- 
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Fig. 6.—Effect of increasing TR. A and B are sagittal images using SE/500/28 and SE/3500/28, 
respectively. Bulging disk at L1-L2 is equally well seen in both images (black arrow), but relationship 
of disk to nerve roots (open arrow) is better seen with shorter TR. 


sions with a long T2 such as neurofibromata, metastases, 
and inflammatory tissue, which may not be visible within the 
thecal sac on heavily T2-weighted images should, in theory, 
because of T1 differences, be readily differentiated from CSF 
by using the SE/266/14 sequence. The imaging time was 5 
min for a spin-echo pulse sequence with a TR of 300 msec, 
when four excitations (two averages) and a 256 x 256 matrix 
were employed. 

Optimal image signal-to-noise ratio.—Recent reports have 
advocated the use of surface coils applied to the back for 
imaging the lumbar spine [1]. Surface coils improve the signal- 
to-noise ratio within the region adjacent to the coil [1, 15]. 
The signal-to-noise ratio geometrically decreases proportion- 
ally to the increasing distance from the source to the coil 
when planar-type coils are used [15]. This effectively limits 
the field of view and, since the spine is a relatively deep 
structure, may limit visualization of the ventral aspect of the 
lumbar spine (Fig. 9) or paraspinal structures. 

In order to develop a scanning technique that improved the 
image signal-to-noise ratio without sacrificing the field of view, 
it was first necessary to determine by experimental means 
the sources of image noise (see Materials and Methods). 

The results of Experiment 1 (Fig. 10) indicated that limitation 
of abdominal motion improved the depiction of the spine as 
well as of the abdomen. Degradation of spine images by 
respiratory, bowel, and vascular motion in the abdomen re- 
sulted in errors in phase encoding that degraded sagittal or 
axial images of the spine when phase encoding was per- 
formed along the y axis. The results of Experiment 1 and our 
empirical experience in patients suggest that these motion- 
related artifacts may be substantially overcome with the use 
of abdominal compression and patient instruction. 

The results of Experiment 2 indicated that signal-to-noise 
ratio could be improved with the use of either a solenoid or a 
planar-type surface coil, but that when either technique was 
employed, the effective field of view was reduced in compar- 
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Fig. 7.—Effect of increasing TE and TR. A and B are sagittal images of same patient obtained using 
SE/500/28 and SE/2000/112, respectively. With increased TE and TR (B), signal intensity from more 
cental section of anulus fibrosus decreases (arrow). This creates impression of “shrinking nucleus” 
with increased T2-weighting. Although no structural abnormalities are evident in either A or B, signal 
intensity of spinal canal is markedly increased in A, compared with normals scanned with same T1- 
weighted sequence. This was due to myelographically proven arachnoiditis, with inflammatory tissue 
packing the spinal canal, and was not appreciated on T2-weighted image (B). 





ison to the standard body coil (Fig. 9). Using a planar coil 
applied to the back, signal-to-noise decreased geometrically 
proportionally to increasing distance from the coil [1, 15]. By 
using a solenoid coil circumferentially applied around the 
torso, signal-to-noise decreased cephalad and caudal to the 
coil [15]. 

The results of Experiment 3 indicated that phase-encoding 
errors due to abdominal motion could be substantially reduced 
by altering the phase-encoding axis to the x direction (left to 
right) for axial images and to the z direction (cephalocaudal) 
for sagittal images (Figs. 11 and 12). When these techniques 
were employed, abdominal motion degraded depiction of the 
abdomen, but not of the lumbar spine. 
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Fig. 8.—Effect of heavy T1 weighting. Sagittal 
image performed using SE/300/14. Nearly entire 
anulus fibrosus and nucleus pulposus are isoin- 
tense, with only vertically oriented collagen fi- 
bers at periphery of disk remaining low in signal 
intensity. Moderate intensity nerve roots (thick 
black arrow) are distinguishable from homoge- 
neously black CSF. Epidural fat (open arrow) 
remains high in signal intensity. Region of bright 
signal within vertebral bodies (thin black arrow) 
may be related to venous blood flow. Phase 
encoding was performed along y axis (see text), 
resulting in poor depiction of abdomen, but ex- 
cellent depiction of spine. Sequence requires 
only one-half the time required for similar images 
with TR = 500. 


Fig. 9.—Axial images at L4-L5 level per- 
formed with identical technique (SE/500/28, six 
excitations, 7-mm-thick slice, 1.0-mm pixels, 256 
x 256 matrix), except that surface coil was ap- 
plied to back in A and standard body coil was 
used in B. In A, although signal intensity is very 
high adjacent to surface coil, loss of signal in 
geometric proportion to increasing distance be- 
tween source and coil results in poor signal-to- 
noise ratio in more ventral aspect of image. In B, 
using standard body coil, effective field of view 
is improved without sacrificing signal-to-noise 
ratio in clinically relevant portion of image. 


Multiple-angle, variable-interval, nonorthogonal (MAVIN) 
imaging. —Oblique imaging parallel to the lumbar disk spaces 
is a widely accepted method for the CT examination of the 
lumbar spine. Although oblique images can be obtained with 
MR imaging, until now the slices produced by a given pulse 
sequence have been parallel and positioned at a fixed interval. 
Previously, in order to obtain oblique axial MR images through 
the L3-L4, L4-L5 and L5-S1 disk spaces, three sets of 
oblique images would have been required, resulting in a 
lengthy examination time. Multiple-angle, variable-interval, 
nonorthogonal (MAVIN) imaging is a recently developed tech- 
nique that provides an independent choice of obliquity and 
position for each slice within a multislice pulse sequence (Fig. 
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Fig. 10.—Effect of limiting abdominal motion. 
Sagittal images of volunteer with same tech- 
nique (SE/277/28, two excitations, 7-mm-thick 
slice, 1.0-mm pixels, 256 x 256 matrix), except 
that respiratory motion was unrestricted in A and 
an abdominal compression device was em- 
ployed in B. Phase-encoding artifact in A de- 
grades entire image, not simply region of abdo- 
men. 


Fig. 11.—Axial image performed by phase 
encoding along the x axis (see text). Phase- 
encoding artifact degrades depiction of abdo- 
men, but not spine. Note moderate-to-high-inten- 
sity ligamentum flavum (arrow) on T1-weighted 
image (SE/500/28) and stenosis of spinal canal. 


Fig. 12.—Multiple-angle, variable-interval, 
nonorthogonal (MAVIN) imaging sequence. Sag- 
ittal scan employed as reference to select 
oblique axial scans of L3-L4, L4-L5, and L5-S1 
disks. Using single pulse sequence (SE/610/28), 
nine oblique axial images were then obtained 
through L3-L4, L4-L5, and L5-S1 levels. 


11 


13) [16]. The time required for this technique is the same as 
that for a conventional spin-echo pulse sequence performed 
with the same TR. When the technique is applied to imaging 
the lumbar spine, oblique axial images parallel to each of the 
lumbar disks may be obtained by using a single pulse se- 
quence, resulting in a significant reduction in the time required 
to perform an optimal examination. 


Discussion 


The optimal MR examination of the lumbar spine is char- 
acterized by the following features: (1) contrast between 
neighboring structures should be maximized by appropriate 
selection of the pulse sequence; (2) spatial resolution should 
be maximized while maintaining an adequate field of view; (3) 
noise and artifacts should be minimized; (4) oblique imaging, 
a fundamental advantage of MRI, should be incorporated into 
the examination where appropriate; and (5) examination time 
should be held to a minimum. The goal of our research project 
was to determine rationally an optimal MR scanning protocol 
for the lumbar spine by analyzing normal and pathologic 
anatomy and evaluating the efficacy of various scanning 
techniques. Several conclusions may be drawn from our 
results. 
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Correlation of MR images with cryomicrotomed cadaver 
specimens revealed features of normal anatomy not previ- 
ously appreciated. The ligamentum flavum was found to be 
distinguishable from adjacent structures on T1-weighted im- 
ages. The anulus fibrosus of the disk was found to increase 
progressively in relative signal intensity with progressive T1 
weighting, allowing structural disk abnormalities to be recog- 
nized on T1-weighted images. Although a fine line of low 
intensity remained present at the disk margin when heavily 
T1-weighted sequences were employed, our initial experience 
indicated that this line was of a predictively thin dimension. 
Certainly, by using heavily T1-weighted sequences, most of 
the anulus fibrosus can be distinguished from the thecal sac. 
On high-resolution scans, a thin line composed of epidural fat 
and epidural veins was found posterior to the lumbar disks, 
further aiding in the detection of disk disease on T 1-weighted 
images. These correlative anatomic findings imply that with 
high-resolution scanning techniques, disorders of the lumbar 
spine may be diagnosed with T1-weighted imaging in a frac- 
tion of the time necessary to create heavily T2-weighted 
images. Furthermore, lesions with a relatively long T2, which 
may not be distinguishable from CSF on T2-weighted images, 
are occasionally apparent on T1-weighted images. 

Retrospective analysis of the efficacy of various pulse 
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sequences and prospective testing of new heavily T1- 
weighted pulse sequences also suggested that contrast be- 
tween neighboring tissues could be maximized with shorter 
examination times than previously advocated. One proposed 
disadvantage of T1-weighted imaging of the spine is the 
inability to discriminate osteophytes from CSF. However, on 
high-resolution scans, we have never seen a clinically signifi- 
cant osteophyte on a T2-weighted image that was not also 
apparent on a T1-weighted image. In fact, there are no 
published examples of osteophytes obscured on T1-weighted 
images made with high-resolution scanning techniques. 

Experiments designed to evaluate sources of noise and to 
seek methods of maximizing the signal-to-noise ratio also 
yielded several significant results: Abdominal motion was 
found to be a major contributor to noise in images of the 
lumbar spine when phase encoding was performed along the 
y axis, which until now has been the most widely employed 
technique. Images of the lumbar spine could be improved by 
phase encoding along the x axis for axial images, and along 
the z axis for sagittal images. For systems in which this option 
is not yet available, the use of abdominal compression and 
careful patient instruction may lessen artifacts caused by 
respiratory motion. 

We propose that one reason that surface coils applied to 


the back are effective in improving the signal-to-noise ratio in ` 


images of the lumbar spine is their poor detection of noise 
generated in the relatively distant abdomen. Unfortunately, 
the loss of signal geometrically proportional to the distance 
of the source from the coil tends to limit the effective field of 
view in images produced by using surface coils applied to the 
back. Even solenoidal-type coils circumferentially applied to 
the torso tend to limit the field of view. With our imaging 
system, use of a standard body coil and decrease of noise 
by appropriate adjustment of the phase-encoding direction 
produced high-resolution images without limitation of the field 
of view. As imaging time is progressively reduced, set-up time 
becomes a more significant component of the total examina- 
tion time. By avoiding the time usually necessary to apply a 
surface coil, the total examination time is further reduced. 

In order to reduce imaging time and still obtain an optimal 
examination, a new imaging technique, MAVIN, was devel- 
oped. This allows oblique axial images to be obtained through 
each of the lumbar disks by using a single pulse sequence. 

While we were unable to unequivocally determine the opti- 
mal spatial resolution for depiction of the lumbar spine, eval- 
uation of scans performed by using various pixel sizes led to 
the following impression: employing 256 phase-encoding lev- 
els rather than 512 levels produced clinically superior results, 
since the use of the 512 x 512 matrix doubled the examina- 
tion time and tended to result in more motion artifacts. Al- 
though there is no mathematical method to quantify human 
perception, the anatomy apparent on MR scans performed 
with 0.75-mm pixels and 5-mm-thick slices was thought to 
be superior to that evident on CT scans. This was due to the 
superior contrast resolution of the MR images, which allowed 
nerve roots, medullary bone, CSF, disk material, epidural fat, 
and the ligamentum flavum to be discriminated without the 
use of IV or intrathecal contrast material. 

On the basis of these observations, we propose the follow- 
ing routine scanning protocol for MR evaluation of the lumbar 
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spine: The examination should begin with a sagittal heavily 
T1-weighted spin-echo pulse sequence (SE/300/14) with pix- 
els equal to or less than 1.0 mm and slices equal to or less 
than 5 mm, and phase encoding along the z axis. If four 
excitations are employed and 256 phase-encoding levels are 
used, the scan can be completed in 5 min. Multiple oblique 
axial images may then be performed through each of the 
lumbar disks using the MAVIN technique, requiring an addi- 
tional 5 min. This should complete the routine examination, 
although, as with other diagnostic imaging procedures, the 
technique may have to be tailored to the clinical indication. 
We believe that this 10-min examination should suffice for 
most patients, and we are currently conducting clinical trials 
to further evaluate its efficacy in a prospective manner. 
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Radiographic Manifestations 
of Bronchiolitis Obliterans 
with Organizing Pneumonia 
vs Usual Interstitial 
Pneumonia 





The radiographic findings in 24 cases of bronchiolitis obliterans with organizing 
pneumonia and 16 cases of usual interstitial pneumonia were reviewed and compared. 
Some cases of bronchiolitis obliterans with organizing pneumonia have been mistaken 
for usual interstitial pneumonia, although the two diseases have distinct pathologic 
findings. Clinically, the diseases often have different manifestations. Bronchiolitis 
obliterans with organizing pneumonia has a better prognosis and often responds well 
to steroids. This study shows that the radiologic findings of bronchiolitis obliterans 
include alveolar opacities without lung-volume loss. Patients with usual interstitial 
pneumonia, however, have bilateral diffuse interstitial opacities with occasional honey- 
comb changes, and there is loss of lung volume in most patients. These findings suggest 
that the chest radiograph can aid in distinguishing the two diseases. 


There has been some confusion in the past concerning the subclassification of 
lung diseases characterized by pulmonary fibrosis. Various schemata have been 
proposed depending on certain histologic or etiologic criteria. Some [1, 2] believe 
that subclassification of pulmonary fibrosis is of clinical and prognostic significance. 
Bronchiolitis obliterans with organizing pneumonia is a lung disease characterized 
by fibrosis of the small airways and alveoli. Because pulmonary fibrosis is such a 
prominent histologic finding in this disease, many cases of bronchiolitis obliterans 
have been misclassified as idiopathic pulmonary fibrosis or usual interstitial pneu- 
monia (UIP) [2, 3]. UIP is almost always associated with a poor prognosis. Epler et 
al. [2] studied patients with idiopathic bronchiolitis obliterans with organizing 
pneumonia, however, and found that patients responded well to steroid therapy. 
The study concluded that bronchiolitis obliterans with organizing pneumonia is a 
distinct clinicopathologic entity from UIP [2]. Recently, Katzenstein et al. [4] 
retrospectively studied bronchiolitis obliterans with organizing pneumonia and UIP 
and arrived at a similar conclusion. The purpose of this paper is to compare the 
radiographic findings of bronchiolitis obliterans with organizing pneumonia and UIP 
to further characterize their distinguishing features because there has been histo- 
logic misclassification in the past. 


Materials and Methods 


We reviewed open-lung biopsies from the pathology files at the University of Alabama 
Hospitals and found 24 cases of bronchiolitis obliterans with organizing pneumonia and 16 
cases of UIP dating from 1972 to 1984. All patients had chest radiographs that were examined 
by the chest radiologists at University Hospital at the time of diagnosis. 

We used the following pathologic criteria to define the two diseases for analysis in this 
study. Bronchiolitis obliterans with organizing pneumonia was histologically defined as plugs 
of granulation tissue within bronchioles and extending into the alveoli. The intraalveolar 
granulation tissue was referred to as organizing pneumonia. There were also varying degrees 
of interstitial inflammation. In our experience pure bronchiolitis obliterans without organizing 
pneumonia is rare and was not seen in this series [4]. Histologic criteria for UIP were interstitial 
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TABLE 1: Comparison of Clinical information of 24 Cases of Bronchiolitis Obliterans with 
Organizing Pneumonia (BOOP) with 16 Cases of Usual Interstitial Pneumonia (UIP) 
smitten A a cater a a aa a l Moua 


Characteristic BOOP UIP 
Mean age (years) 60 58 
Gender (male/female) 11/13 13/3 


Common symptoms Fever, cough, dyspnea Cough, progressive dyspnea 
Mean duration of symptoms 3 months 2-3 years 
Number with underlying collagen vas- 
cular disease 7 (29) 3 (19) 

Number with occupational exposure 0 (0) 5 (31) 
Number having steroid therapy 12 (50) 14 (88) 
Number surviving 16 (67) _ 3 (19) 

with residual disease . 7 3 

without residual disease 9 0 
Number of deaths* 3 (13) 10 (63) 
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Note.—Numbers in parentheses are percentages. 
# Does not include deaths due to unrelated causes. 


fibrosis with collagen deposition and an interstitial infiltrate of chronic 
inflammatory cells, particularly lymphocytes and plasma cells. 

The radiographs were examined for pulmonary opacities, pleural 
disease, and lung-volume status. Pulmonary opacities were classified 
as alveolar if there was consolidation with air bronchograms, patchy 
consolidation, or air-space nodules. Opacities were also classified as 
interstitial if they were reticular (fine or Coarse), streaky or linear, 
reticulonodular, or honeycomb. Manifestations were classified ac- 
cording to their distribution as diffuse, lobar, or bibasilar. Lung volume 
was assessed by counting the number of posterior ribs that could be 
seen above the diaphragm and the degree of diaphragmatic flattening. 
Volume was considered reduced if there were less than nine posterior 
ribs above the diaphragm and the diaphragm was convex. Follow-up 
radiographs were obtained in 17 of 24 cases of bronchiolitis obliterans 
with organizing pneumonia and 11 of 16 cases of UIP. These radi- 
ographs were assessed in a similar fashion with particular attention 
to radiographic improvement or worsening. Clinical information was 
obtained from medical records, private physicians, relatives, and the 
patients themselves. 


Results 
Bronchiolitis Obliterans with Organizing Pneumonia 


Clinical information.—The clinical information is summa- 
rized in Table 1. The 24 patients, 11 men and 13 women, 
ranged in age from 28 to 80 years (mean, 60). Most patients 
presented with symptoms of fever, cough, and dyspnea. The 
duration of symptoms ranged from 5 days to 6 months (mean, 
3 months). Seven patients had underlying connective-tissue 
. diseases, including polymyositis, rheumatoid arthritis, mixed 
connective-tissue disease, and systemic lupus erythema- 
tosus. One patient had arthralgias but a negative antinuclear 
antibody and rheumatoid factor. Another had a positive anti- 
nuclear antibody and Raynaud’s phenomenon. Sputum cul- 
tures were positive for Hemophilus influenza, Nocardia aster- 
oides, Klebsiella, and Mycobacterium avium in one patient 
each. One patient had bronchial washings that were positive 
for H. influenza. No patient had a history of occupational 
exposure. | 

Radiographic findings.—The radiographic findings are 
summarized in Table 2. Twelve patients manifested alveolar 
opacities, 11 of which were lobar in distribution (Figs. 1A, 1B, 


TABLE 2: Comparison of Radiographic Manifestations of 24 
Cases of Bronchiolitis Obliterans with Organizing Pneumonia 
(BOOP) with 16 Cases of Usual Interstitial Pneumonia (UIP) 





__ Findings BOOP UIP 
Alveolar opacities 12 (50) 0 (0) 
Lobar 11 (46) 0 (0) 
Diffuse 0 (0) O (0) 
Bibasilar 1 (4) 0 (0) 
Interstitial opacities 10 (42) 15 (94) 
Reticular 10 (42) 10 (63) 
Reticulonodular 0 (0) 2 (13) 
Honeycomb 0 (0) 3 (19) 
Mixed alveolar and intersti- 
tial opacities 2 (8) 1 (6) 
Lung volume 
Decreased 6 (25) 12-(75) 
Normal 18° (75) 4 (25) 
Pleural thickening 3 (13) 1 (6) 
Pleural efflusion 2 (8) 1 (6) 





Note.--Numbers in parentheses are percentages. 
4 Unilateral hyperinflation was found in one case. 


1D, 2A, and 2C). Six cases involved more than one lobe, 
whereas five involved only a single lobe. The opacities were 
bibasilar in one case. Four cases involved the right upper 
lobe, one the right middle lobe, five the right lower lobe, three 
the left upper lobe, and four the left lower lobe. 

There were 10 patients with coarse reticular interstitial 
opacities (Figs. 3A and 3C). Three patients had diffuse bilat- 
eral involvement. Five cases were lobar in distribution, two of 
which were multilobar and three unilobar. In two cases the 
distribution was bibasilar. None had honeycomb changes. 
Two cases exhibited mixed alveolar and interstitial opacities: 
one case diffusely involved the upper-lung zones and the 
other diffusely involved lower-lung zones. Lung volume was 
decreased in six cases, and these were equally distributed 
among the patients with alveolar opacities and those with 
interstitial disease. Lung volume was normal in 17 cases. In 
one case there was unilateral hyperinflation (Fig. 1A). Pleural 
thickening was seen in three cases, and pleural effusion was 
seen in two cases. 

Follow-up radiographs were available in 17 cases. The 
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Fig. 1.—Case 1, 51-year-old woman with bronchiolitis obliterans with 
organizing pneumonia. 

A, Chest radiograph shows alveolar opacities in right upper lobe and 
pleural thickening in left base. There are two poorly defined opacities in 
left midlung zone and hyperinflation of left lung. 

B, Chest radiograph 1 month later shows improvement of right upper 
lobe opacity but new patchy alveolar opacity in lingular segment. 

C, Photomicrograph shows proliferating fibroblasts within epithelial- 
lined bronchiole. Fibroblastic proliferation is associated with inflammatory 
exudate. Note chronic inflammatory infiltrate in bronchiole wall at upper 
left. (Original magnification 200x) 

D, Follow-up chest radiograph 5 months later shows marked improve- 
ment after steroid treatment. 
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range of follow-up was 1 week to 48 months (mean, 3 
months). Overall, eight patients showed improvement or res- 
olution, six exhibited no change, and three worsened. Of 
seven patients who presented with alveolar opacities, one 
showed complete resolution, three improved but had persist- 
ent opacities, one demonstrated no change, and two wors- 
ened. Of eight cases presenting with interstitial opacities, one 
resolved completely, two partially improved, four remained 
unchanged, and one worsened. In the two patients who 
presented with mixed interstitial and alveolar opacities, one 
improved and one remained unchanged. Clinical follow-up 
was available in 23 of 24 patients (Table 1). Range of follow- 
up was from 2 months to 7% years (mean, 3/2 years). Twelve 
(50%) patients were treated with steroids. Nine patients are 
alive without disease. Seven are alive with residual but stable 
disease. Three patients died of the disease and four died of 
other causes. 


Fig. 2.—Case 3, 61-year-old woman with bronchiolitis obliterans with 
organizing pneumonia. 

A, Chest radiograph reveals alveolar opacities in left upper lung and 
slight loss of volume. 

B, Follow-up chest radiograph 2 weeks later shows left pleural effusion 
and resolution of pulmonary opacity. 

C, Low-power photomicrograph, taken at same time as A, shows patchy 
air-space fibrosis (arrows). Adjacent alveolar septa are expanded by 
interstitial infiltrate of chronic inflammatory cells. (Original magnification 
100x) 


Usual Interstitial Pneumonia 


Clinical information. —The clinical information is summa- 
rized in Table 1. The 16 patients, 13 men and 3 women, 
ranged in age from 29 to 77 years (mean, 58). The mean 
duration of symptoms was 2 to 3 years, and the most 
common symptoms were cough and progressive dyspnea. 
Three patients had evidence of connective-tissue disease. 
One patient had mixed connective-tissue disease, one had 
polymyositis, and one had a positive rheumatoid factor. Five 
patients had a history of occupational exposure. This group 
consisted of a shipbuilder in World War Il, a papermill laborer, 
a sandblaster, a fiberspinner in a rubber plant, and a foundry 
laborer. 

Radiographic findings.—The radiographic findings are 
summarized in Table 2. Fifteen patients had interstitial opac- 
ities only, and one patient had mixed alveolar and interstitial 
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opacities (Figs. 4 and 5). Reticular opacities were seen in 10 
patients, a reticulonodular pattern was seen in two patients, 
and three patients had generalized honeycomb lung. As for 
the distribution of these opacities, 10 cases were diffuse, four 
were bibasilar, and one was localized in the left lower lobe. 
One patient had diffuse, patchy alveolar and reticular opaci- 
ties. Lung volumes were reduced in most cases. Only one 
patient had a pleural effusion. One patient had pleural thick- 
ening. Follow-up radiographs were obtained in 11 of 16 cases. 
Range of follow-up was from 1 week to 612 years (mean, 18 
months). Follow-up radiographs after steroid therapy showed 
partial improvement in five cases, worsening in three, and no 
change in three. Clinical follow-up was available for all 16 
patients (Table 1). Fourteen of 16 were treated with steroids. 
Ten of the 16 patients died of the disease an average of 15 
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Fig. 3.—Case 2, 72-year-old woman with bronchiolitis obliterans with 
organizing pneumonia. 

A, Chest radiograph shows coarse reticular opacities in right upper lobe 
and both lower lobes. 

B, Follow-up chest radiograph 2 months later shows resolution of pul- 
monary opacities after treatment with steroids. 

C, Low-power photomicrograph, taken at same time as A, shows prolif- 
erating fibroblasts within bronchiole (arrows). Peribronchiolar interstitium 
shows dense infiltrate of chronic inflammatory cells, which includes scat- 
tered nonnecrotizing granulomas (arrowheads). (Original magnification 
100x) 


months after diagnosis whereas three died of other causes. 
The three who are alive have residual or worsening disease, 
including one who has been followed for 6/2 years. There are 
no patients without residual disease. 


Discussion 


Bronchiolitis obliterans with organizing pneumonia is a dis- 
order that may result from various types of lung injuries. It 
has been associated with toxic-fume inhalation, connective- 
tissue disorders, acute and chronic pulmonary infections, 
various drugs, and heart-lung transplantation [5-10]. It may 
also be idiopathic [2, 5, 11]. Some [2, 12] believe that prog- 
nosis is related to cause and that patients with the postinfec- 
tious or idiopathic variety fare better clinically. Histologically, 
the disease is characterized by plugs of granulation tissue 
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lying within small airways and extending into the alveoli. There 
is a varying interstitial infiltrate of inflammatory cells. 

The term usual interstitial pneumonia (UIP) was first desig- 
nated by Liebow and Carrington [13]. It is a response of the 
lung to alveolar damage. It has occurred in association with 
connective-tissue disease, drugs, or viral penumonia, or as a 
familial entity [1]. Many cases, however, are idiopathic [1]. 
UIP carries a poor prognosis, with death usually occurring 
within a few years after the diagnosis is made. Histologically, 
the disease is characterized by interstitial fibrosis with colla- 
gen deposition and interstitial pneumonia. 

Many different radiographic appearances have been de- 
scribed in bronchiolitis obliterans with organizing pneumonia. 
Nodular, patchy, linear, lineonodular, alveolar, edemalike, 
“ground glass,” and miliary opacities; lobar consolidation; and 
occasional hyperinflation have been seen [2, 5-12, 14-16]. 
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Fig. 4.—Case 4, 63-year-old man with usual interstitial pneumonia. 

A, Chest radiograph shows reticular opacities in left lower lung and 
diminished lung volume. 

B, Follow-up chest radiograph 3 years later shows worsening with 
honeycomb changes. 

C, Low-power photomicrograph, taken at same time as A, shows inter- 
stitial fibrosis at upper right and left. Interstitial fibrosis is associated with 
lymphocytic infiltrate. Note relatively uninvolved lung at center. (Original 
magnification 40x) 


In a study of 52 cases, Gosink et al. [5] found 18 cases with 
nodular densities, 39 with alveolar opacities, and two with 
hyperinflation. Epler et al. [2] studied 50 patients who had 
idiopathic bronchiolitis obliterans with organizing pneumonia, 
42 of whom had chest radiographs available. These showed 
patchy densities with a “ground glass” appearance in 81%. 
This “ground glass” pattern was equated to an alveolar-type 
opacity [2]. In our study, half of the patients with bronchiolitis 
obliterans with organizing pneumonia had alveolar opacities, 
and 42% had an interstitial pattern. Because all cases had an 
open-lung biopsy it seems likely that we could explain the 
different radiographic patterns. But, as in the study of Gosink 
et al. [5], we found no direct correlation between radiographic 
patterns and histologic findings. A possible reason for this is 
the restricted sampling of the lung; the biopsy specimen may 
not contain the area of visualized radiographic abnormality. 
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We suspect that obstructive pneumonia or extensive intraal- 
veolar organization is responsible for the alveolar opacities 
and that interstitial opacities were due to interstitial pneu- 
monia. These processes would vary according to the individ- 
ual patient's response. This response may be related to the 
cause of the disease, which in our study was usually idi- 
opathic. 

In UIP the earliest radiographic manifestations are fine 
reticular opacities predominantly in the lung bases. As the 
disease progresses the opacities coarsen and eventually 
there is honeycomb lung [13, 17]. In a study of 53 patients 
with UIP, Carrington et al. [1] reported that 40 (75%) had 
linear or irregular opacities, 26 (49.1%) had alveolar opacities, 
26 (49%) had honeycomb changes, and 24 (45%) had dimin- 
ished lung volume with “small lungs.” In our study of 16 cases 
of UIP there was a marked preponderance of interstitial 
opacities (94%). Seventy-five percent of the patients had 


Fig. 5.—Case 5, 29-year-old woman with usual interstitial pneumonia. 

A, Chest radiograph shows diffuse reticulonodular opacities with slightly 
decreased lung volumes. 

B, Follow-up chest radiograph 62 years later shows worsening of 
pulmonary disease with diffuse coarse reticular opacities and reduced 
lung volumes. 

C, Low-power photomicrograph, taken at same time as A, shows inter- 
stitial infiltrate of mononuclear cells. Edema fluid is present in occasional 
air spaces. (Original magnification 100x) 


volume loss and in three cases there was honeycomb lung. 
The pathologic findings in these patients did show some 
correlation with the radiographs. In all cases there were 
extensive foci of interstitial fibrosis with collagen deposition 
and varying degrees of chronic interstitial pneumonia. We 
believe that this caused the interstitial opacities. Honeycomb 
changes were seen histologically in all three cases in which 
there was honeycomb lung radiographically. Perhaps the 
pathologic correlation in the patients with UIP is better be- 
cause the radiographic manifestations tended to be more 
diffuse than in bronchiolitis obliterans with organizing pneu- 
monia, thereby preventing the same degree of sampling error. 

Even though the two diseases often have different clinical 
findings, we think it important to characterize any distinguish- 
ing radiographic features because some cases of bronchiolitis 
obliterans with organizing pneumonia have been confused 
with UIP histologically. Although there is overlap, our study 


906 


revealed that there are often radiographic differences in the 
two diseases. Half of the patients with bronchiolitis obliterans 
with organizing pneumonia had alveolar opacities whereas 
those with UIP displayed a marked tendency for interstitial 
opacities with volume loss. Honeycomb changes were seen 
in UIP but not in bronchiolitis obliterans with organizing pneu- 
monia. These findings suggest that the chest radiograph may 
aid in distinguishing the two diseases. 


ACKNOWLEDGMENTS 


We would like to thank Cecil Gilman, Harry Germagian, Sam 
Collins, and Kim Woodward for their assistance in the preparation of 
the paper and scientific exhibit. 


REFERENCES 


1. Carrington CB, Gaensler EA, Coutu RE, Fitzgerald MX, Gupta 
RG. Natural history and course of usual and desquamative 
interstitial pneumonia. N Eng! J Med 1978;298:801-809 

2. Epler GR, Colby TV, McLoud TC, Carrington CB, Gaensler EA. 
Bronchiolitis obliterans organizing pneumonia. N Engi J Med 
1985;312:152-158 

3. Epler GR, Colby TV. The spectrum of bronchiolitis obliterans. 
Chest 1983;83:161-162 

4. Katzenstein A, Myers JL, Prophet D, Corley LS, Shin MS. Bron- 
chiolitis obliterans and usual interstitial pneumonia: a compara- 
tive clinicopathologic study. Am J Surg Patho! 1986;10:373-381 

5. Gosink BB, Friedman PJ, Liebow AA. Bronchiolitis obliterans: 
roentgenologic-pathologic correlation. AJR 1973;117:816-832 

6. Wiliams T, Eidus L, Thomas P. Fibrosing alveolitis, bronchiolitis 


CHANDLER ET AL. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17- 


AJR:147, November 1986 


obliterans and sulfasalazine therapy. Chest 1982;81(6): 766-768 


. Murphy KC, Atkins CJ, Ofer RC, Hogg JC, Stein HB. Obliterative 


bronchiolitis in two rheumatoid arthritis patients treated with 
penicillamine. Arthritis Rheum 1981;24:557-~560 


. Epler GR, Snider GL, Gaensler EA, Cothcart ES, Fitzgerald MX, 


Carrington CB. Bronchiolitis and bronchitis in connective tissue 
disease. A possible relationship to the use of penicillamine. JAMA 
1979242 :528--532 


. Soto P, Madtes DK, Thorning P, Albert RK. Bronchiolitis obliter- 


ans caused by legionella pneumophilia. Chest 1985;87(6):840- 
841 

Burke CM, et al. Post transplant obliterative bronchiolitis and 
other late lung sequelae in human heart lung transplantation. 
Chest 1984;86(6):824-829 

lannuzzi MC, Farhi DC, Bostrom PD, Petty TL, Fisher JH. Ful- 
minant respiratory failure and death in a patient with idiopathic 
bronchiolitis obliterans. Arch Intern Med 1985-;145:733-734 
McLoud TC, Epler GR, Colby TV, Gaensler EA, Carrington CB. 
Bronchiolitis obliterans. Radiology 1986;159(1): 1-8 

Liebow AA, Carrington CB. The interstitial pneumonias. In: Simon 
M, Potchen EJ, LeMay M, eds. Frontie#s of pulmonary radiology. 
New York: Grune & Stratton, 1969:102-141 

Azizirad H, Polgar G, Borns PF, Chatten J. Bronchiolitis obliter- 
ans. Clin Pediatr (Phila) 1975;1 4(6):572-2584 

Seggev JS, Mason UG Ill, Worthen S, Stanford RE, Fernandez 
E. Bronchiolitis obliterans: report of three cases with detailed 
physiologic studies. Chest 1983;83: 169-174 

Tukiainen P, Poppius H, Taskinen E. Slowly progressive bron- 
chiolitis obliterans: a case report with detailed pulmonary function 
studies. Eur J Respir Dis 1980;61:77-83 

Fraser RG, Pare JAP. Synopsis of diseases of the chest. Phila- 
delphia: Saunders, 1983: 651-657 








Richard J. Wechsler’ 


ee = m v 


mee a ee a A 


Received April 15, 1986; accepted after revision 
June 9, 1986. 


‘Department of Radiology, Thomas Jefferson 
Ye University Hospital, Philadelphia, PA 19107. 


AJR 147:307-909, November 1986 
0361-803X/86/1475-0907 
© American Roentgen Ray Society 


907 


CT of Esophageal-Pleural 
Fistulae 





Diagnosis of esophageal-pleural fistulae may be difficult in the absence of mediastin- 
itis. To determine the value of CT in establishing this diagnosis and in detecting 
mediastinal involvement, CT findings in seven patients with esophageal-pleural fistulae 
were studied retrospectively. The fistulae were secondary to surgery (five patients), 
esophageal dilatation (one patient), and esophageal carcinoma (one patient). CT findings 
included barium, air, and fiuid in the pleural space and pneumonia, These abnormalities 
seemed to distinguish an esophageal fistula from other pathologic processes, such as 
aspiration pneumonia, lung abscess, spontaneous pneumothorax, pulmonary emboli, 
and bronchopleural fistulae, and they documented a lack of inflammatory reactions in 
the mediastinum associated with the fistula. The latter finding is important, because 
patients with esophageal-pieural fistulae without mediastinitis have a less severe Clinical 
course and respond better to conservative treatment. CT is: useful for patients with 
normal findings on esophagrams when suspicion of esophagea!-pleural fistulae remains 
high and when satisfactory esophagrams cannot be obtained. 


Early diagnosis of esophageal-pleural fistula reduces morbidity and mortality but 
may be difficult to make if mediastinitis is absent [1]. We performed a retrospective 
study of the CT findings in seven patients with esophageal-pleural fistula to 
determine the value of this procedure in establishing this diagnosis and in detecting 
mediastinal involvement. 


Subjects and Methods 


Between 1982 and 1985, CT scans were obtained on five men and two women 16 to 59 
years old who had esophageal-pleural fistulae. The fistulae were secondary to surgery in five 
patients, to esophageal dilatation in one, and to esophageal carcinoma in one. Four patients 
had fever, three had dyspnea, and two had lung infections. The length of time between 
esophageal injury and CT examination ranged from 2 days to 8 years. In five patients other 
studies established a diagnosis of esophageal perforation before the CT examination was 
performed; however, the extent of mediastinal involvement was not determined. The fistulae 
were determined by CT before esophagography in the other two patients. The diagnosis was 
proven by surgery in four patients and by endoscopy in one. The sixth fistula was diagnosed 
by esophagography and the seventh by detection of radioactivity in the pleural space after 
instillation of radionuclide into the esophagus. Five patients had esophagography and all 
seven had chest radiographs. 

Five CT scans were obtained on a Technicare 2020 HR scanner by using a 512 x 512 
matrix with a scan time of 2 sec, 120 kV, 100 mA, and a 10-mm collimator. Two studies 
were obtained on a Pfizer 0200 scanner with a 320 x 320 matrix and a scan time of 28 sec, 
140 kV, 35 mA, and a 10-mm collimator. IV contrast enhancement (100 ml of 60% meglumine 
iothalamate) was used in selected cases. Contrast material was administered orally just 
before the examination in two patients. Scans were obtained from the apex of the lung 
through the superior aspect of the liver at 10-mm increments. Additional scans were obtained 
as necessary. 
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Results 


CT showed barium from a previous barium swallow in the 
pleural space in four patients (Fig. 1). Pneumothorax (Fig. 2) 
was seen in four patients, pleural reaction in six, and pneu- 
monia in five. Mediastinitis was considered present only when 
CT findings of mediastinal air and soft-tissue reaction were 
seen remote from the area of previous surgery or esophageal 
cancer. This was noted in one of two patients who subse- 
quently died. 


Discussion 


The clinical and radiographic signs and symptoms of esoph- 
ageal-pleural fistulae are inconstant and nonspecific. Clinical 
findings include chest pain, fever, dysphagia, and dyspnea. 
When these symptoms follow esophageal instrumentation or 
surgery, esophageal trauma must be excluded. The radiologic 
signs depend on the site, duration, and severity of the perfo- 
ration. If the pleura remains intact, mediastinal emphysema 
occurs early and mediastinal widening appears within several 
hours. Once mediastinitis occurs, rupture of the mediastinal 
pleura, pneumothorax, or hydrothorax can occur. Radi- 
ographic findings may, however, not appear for up to 24 hr 
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Fig. 1.—68-year-old man with esophageal- 
pleural fistula after esophagogastrectomy. 
Esophagography was not done. 

A, CT scan made just above diaphragm shows 
stomach (arrows) in right paravertebral region. 
Adjacent to stomach is pleural reaction contain- 
ing a small collection of oral barium (arrowhead) 
administered just before scan. 

B, CT scan at level of upper abdomen reveals 
barium (arrowheads) in posterior costophrenic 
angle. 


Fig. 2.—A, 16-year-old boy with esophageal- 
pleural fistula after anterior fusion of cervical 
spine. CT scan shows loculated pleural reaction 
with small anterior air collections in the pleural 
space (arrowhead). Subsequent esophagram 
confirmed fistula. 

B, Barium (arrow) given just before CT scan 
is noted along with pleural thickening at right 
apex in scan approximately 2 cm above scan 
shown in A. 


[2]. When the pleura is not intact, esophageal-pleural fistulae 
can occur in the absence of mediastinal involvement because 
decompression of the esophageal contents into the pleural 
space spares the mediastinum. In these cases pleural effu- 
sion, pneumothorax, and hydropneumothorax may be the 
only clues to the diagnosis [1]. Other processes that mimic 
esophageal-pleural fistula are aspiration pneumonia, lung ab- 
scess, spontaneous pneumothorax, pulmonary emboli, and 
bronchopleural fistula. 

CT findings of esophageal-pleural fistulae are similar to 
those seen on chest radiographs. Pleural effusions occur in 
most cases and are nonspecific. Pneumothorax, however, is 
seen in the majority of cases and reduces the number of 
diagnostic considerations. If contrast medium has been given 
orally, it can be seen in the pleural space. This is pathogno- 
monic of this condition. Although contrast medium was not 
given orally to some of our patients immediately before the 
CT scan because of clinician oversight, it is apparent that the 
routine use of oral contrast medium in these patients is 
mandatory. Thickening of the esophageal wall at the site of 
perforation may also be seen. Atelectasis or direct involve- 
ment of the lung from the perforated esophagus is a common 
finding. 
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Fig. 3.—48-year-old woman with esophageal- 
pleural fistula after esophageal dilatation per- 
formed 8 years earlier for achalasia. First barium 
swallow was inadequate because of patient’s 
refusal to cooperate. 

A, Posteroanterior chest radiograph taken 8 
years after dilatation shows dilated esophagus 
(arrows) and right basilar opacification. 

B, CT scan made at the same time as A shows 
a dilated esophagus (arrows) and pleural air 
(arrowhead) indicating esophageal-pleural fis- 
tulae. 


A 


The use of CT to detect esophageal-pleural fistulae offers 
several advantages. A high-quality esophagram is often diffi- 
cult to obtain in seriously ill patients. CT is fast, requires little 
patient cooperation, and is capable of evaluating both the 
pleura and the mediastinum. Minute amounts of air or oral 
contrast material in the pleural space can be identified. In a 
previous report, a patient was described in whom an anas- 
tomotic leak was identified on CT after esophagography failed 
to show it [3]. We made this diagnosis in two patients before 
using esophagography and showed esophageal-pleural fis- 
tulae in another two patients in whom esophagography could 
not be or was not obtained. CT is more sensitive than plain 
radiographs and can be used in clinical situations in which 
findings on esophagography are normal or in those patients 
for whom a satisfactory esophagram cannot be obtained. In 
addition, mediastinal, pulmonary, and subphrenic involvement 
secondary to esophageal trauma can be assessed. In a 
previous report of seven patients with esophageal-pleural 
fistulae, two had a concomitant subphrenic abscess and three 
had associated pneumonia [1]. 

The major value of CT is to determine the need for surgical 
intervention. The prognosis of esophageal-pleural fistulae 
without mediastinal involvement is good, and patients with 
this condition may respond to percutaneous drainage of the 
pleural space better than those who have an associated 
mediastinitis. One patient in this series tolerated an esopha- 
geal-pleural fistula for 8 years before her condition was de- 
tected by CT (Fig. 3). Two other patients without evidence of 
mediastinitis were treated medically. Patients with an esoph- 
ageal-pleural fistula and no mediastinal involvement may re- 
spond well to conservative treatment [4, 5, 6]. In addition, CT 
localization of pleural collections provides useful information 
for percutaneous drainage. 

The use of CT in this setting has several shortcomings. 
Postoperative changes in the mediastinum may be difficult to 
distinguish from acute disease, and the exact site of esoph- 
ageal perforation may not be demonstrated. One patient in 
this series, despite having positive findings on a water-con- 
trast esophagram, had only a pleural effusion without pneu- 
mothorax detected by CT. Barium might have been detectable 
in the pleural space if it had been administered orally before 
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the CT examination. CT in this patient, however, detected 
mediastinitis and helped determine the choice of therapy. 
Other mediastinal collections, such as hematomas or lympho- 
celes, may be mistaken for anastomotic leaks. However, 
these are rare surgical complications with a different clinical 
presentation [7]. 

In summary, CT can establish the diagnosis of esophageal- 
pleural fistulae when findings on a barium swallow are nega- 
tive or when an esophagram cannot be obtained. This oc- 
curred in two of seven cases in this series. In addition, CT 
can detect the presence of mediastinitis. This is important 
because patients who do not have mediastinal involvement 
have a less severe clinical course and may respond better to 
conservative treatment. 
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Postoperative Recurrence of 
Lung Cancer: Detection by 
Whole-Body Gallium Scintigraphy 





The records were reviewed of 111 consecutive patients who had lung cancer resected 
and who were followed with serial postoperative whole-body gallium scans. Scans were 
obtained preoperatively at intervals of 3-6 months for about 1 year after surgery and 
subsequently at yearly intervals. The period of follow-up varied from 11⁄2 to 8 years. Of 
55 patients who developed tumor recurrence, a gallium scan was the first indicator of 
recurrence in 11 (20%) and was judged helpful in confirming or localizing a recurrence 
in another 14 patients (25%). False-positive rates were determined from 175 postoper- 
ative scans in the other 56 patients who did not suffer recurrence. Of these 175 scans, 
15 (9%) demonstrated abnormalities that were sufficiently suspicious that an additional 
diagnostic procedure, other than chest radiography, was performed for clarification. 
However, in no case did the gallium scan result adversely affect the management of the 
patient. Our data demonstrate that routine postoperative whole-body gallium scanning 
can facilitate early detection of recurrence in some cases. Judicious use of gallium 
scanning in cases with clinically suspected recurrence can enable prompt localization, 
diagnosis, and treatment of recurrent tumor. 


Whole-body gallium scanning has been used successfully for preoperative stag- 
ing of lung cancer patients, though its utility in that context remains controversial 
[1, 2]. However, the role of gallium scintigraphy in the postoperative follow-up of 
these patients has not been defined. 

At the University of Chicago Medical Center, gallium scanning has been per- 
formed in all patients with lung cancer both before and after surgery at regular 
intervals. To examine the clinical efficacy of this approach, we analyzed the records 
of 111 patients who had lung cancer resected and who were evaluated by interview, 
physical examination, chest radiography, and gallium scintigraphy periodically 
thereafter. The purpose of this review was to determine how frequently unsus- 
pected recurrences were revealed by gallium scans and to what extent such 
benefits were offset by false-positive results. 


Materials and Methods 


The study included ail patients resected for cure at this medical center from 1977 through 
1983 in whom one or more postoperative gallium scans were obtained. Patients included in 
the study were followed for a minimum of 18 months and a maximum of 8 years. 

Imaging was performed 48-72 hr after IV injection of 10 mCi (370 MBg) of gallium-67 
citrate. Whole-body scans were obtained in the longitudinal multiplane tomographic mode 
with a Pho/Con (Siemens) Tomographic Scanner [1]. Supplemental gamma camera views 
were obtained when indicated. 

All patients had preoperative scans. The first postoperative scan was usually obtained 
3-6 months after surgery. A second scan was obtained about 6 months later. Subsequent 
scans were obtained at 1-year intervals if the patient remained asymptomatic. Patients with 
suspected or proven recurrence were discussed at a joint muitispecialty conference where 
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TABLE 1: Proof of Recurrence 





No. of 
Methog Patients 

Tissue diagnosis 27 

Progression of lesion on chest radiography 10 

Brain CT scan 7 
Combination of techniques (plain radiography, 

bone scanning, CT, sonography) 10 

Physical examination (palpable mass) 1 

Total l 55 





scans and other imaging studies were reviewed. 

For this investigation, the records of 111 consecutive patients who 
fulfilled the criteria for the study were reviewed. Clinical records, chest 
radiographs, and radionuclide scans were analyzed. A judgment as 
to the usefulness of the gallium scan in the detection of recurrent 
tumor and in subsequent patient management was made on the basis 
of the original interpretation of the scan and the recorded consensus 
of the multispecialty conference group. From these data, each patient 
was assigned to one of five categories: (1) the gallium scan was the 
first indicator of recurrence (i.e., there was no prior clinical suspicion 
of recurrence; (2) the gallium scan confirmed or localized a suspected 
recurrence and was thus judged helpful in the management of the 
patient; (3) the gallium scan demonstrated the recurrence but was 
judged not to have influenced the patient’s management; (4) the 
gallium scan failed to demonstrate the recurrence; or (5) the recur- 
rence was detected by other means and a gallium scan was not 
obtained at that time. Proof of tumor recurrence was provided by 
biopsy in 27 cases. The others were deemed to have recurred on the 
basis of chest radiography, other imaging techniques, or in one 
instance, by appearance of a palpable, hard, subcutaneous mass 
(Table 1). 

Retrospective review of the relevant scans and radiographs was 
performed to help identify false-negative or false-positive diagnoses 
with. the benefit of hindsight. “Normal” postsurgical uptake in the 
chest wall was also recorded during this retrospective review. 


Results 


Of the 111 patients studied, 55 development a recurrence 
during the period of follow-up. The average interval between 
resection and recurrence was 12.5 months (range, 2-36 
months). The gallium scan was the first indicator of recurrence 
in 11 patients (20%), and it was judged helpful in confirming 
or localizing a recurrence in another 14 patients (25%) (Table 
2). The chest was the most common site of tumor recurrence 
followed by extrathoracic skeletal lesions and brain metas- 
tases (Table 3). The gallium scan was most frequently helpful 
in detecting or confirming intrathoracic recurrences. Among 
the recurrent cases there were 22 examples of squamous 
cell carcinoma, 19 of adenocarcinoma, and eight of oat cell 
carcinoma. There were no obvious differences in this series 
between these cell types in terms of their susceptibility to 
detection by gallium. 

Fifty-six patients showed no evidence of tumor recurrence 
during the period of follow-up, and a total of 175 gallium scans 
were obtained on these during the postoperative period. 
These cases were analyzed for evidence of false-positive 
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TABLE 2: Role of Gallium Scan in Diagnosis of Recurrence 


No. of 
Mog Patients (%) 

Gallium scan first indicator of recurrence 11 (20) 
Suspected recurrence confirmed or localized by 

gallium scan 14 (25) 
Lesion demonstrated by gallium scan, with no 

influence on clinical decision making 15 (27) 
Recurrence detected by other methods and not 

shown on gallium scan 12 (22) 
Recurrence demonstrated by other methods and 

no gallium scan obtained 3 (5) 

Total 55 (100) 


TABLE 3: Sites of Tumor Recurrence 





; No. of 
Site Patients 
Chest (including ribs) 29 
Other bones 11 
Brain 8 
Extrathoracic lymph nodes 6 
Liver 1 
Total 55 


TABLE 4: Frequency of False-Positive results among 
Nonrecurrent Postoperative Lung Cancer Patients 


l No. of 
Scan interpretation Scans (%) 
Probable recurrence 2 (1) 
Possible recurrence, additional imaging study 
recommended 13 (7) 
Possible recurrence by gallium scan; considered 
negative following correlation with chest 
radiographs 8 (5) 
Minor abnormalities described, probably not 
significant 9 (5) 
No evidence of recurrence 143 (82) 
Total 175 (100) 


Note.—-175 scans were done on 56 patients with no evident tumor recurrence. 


scan results. To determine the possible impact of false- 
positive interpretations on patient management, specific note 
was made as to how often a false-positive interpretation led 
to performance of further investigations to exclude recur- 
rence. The rate of false-positive “calls” is listed in Table 4. A 
question of recurrence was raised in 23 instances. In eight of 
these, correlation with chest radiographs was adequate to 
exclude the question. In 15 a further.investigation was rec- 
ommended to exclude recurrence. These additional studies 
consisted of radiography in six, bone scans in four, and brain 
CT scans in two cases. One bronchoscopy examination, one 
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Fig. 1.—Asymptomatic 66-year-old man 4 
months after right pneumonectomy for stage 
Ill squamous cell carcinoma. 

A, Chest radiograph shows only normal 
postoperative findings. 

B, Gallium scan reveals focal uptake in right 
hilum (arrow). Bronchoscopy confirmed recur- 
rent tumor at bronchial stump. 


lymph node biopsy, and one repeat gallium scan were also 
performed to clarify suspicious findings on the initial scan. In 
no instance was a patient's management otherwise affected 
by a false-positive reading. 

The possible role of postsurgical inflammatory change as a 
source of false-positive scan interpretation was examined. 
Among the patients without recurrence, six had scans within 
3 months of thoracotomy. In five of these, abnormal accu- 
mulation was seen at the surgical site. Of 23 scans obtained 
3-6 months after surgery, eight showed uptake attributable 
to surgical trauma. Intense uptake was seen at the surgical 
site up to 21 months after surgery and faint uptake occasion- 
ally occurred up to 5 years after surgery. 

Of the 55 patients whose tumor recurred, there were five 
whose primary lesion had not shown gallium uptake. The size 
of these gallium-negative tumors varied from 3.5 to 10.5 cm. 
However, in two of these five, the recurrent tumor was 
gallium-positive, with uptake in a supraclavicular node metas- 
tasis and iliac bone recurrence, respectively. Thus, absence 
of uptake in the primary did not preclude identification of 
metastases by the gallium scan in our series. 


Discussion 


The most widely recognized role for gallium scintigraphy in 
lung cancer has been that of a staging technique, though its 
utility in that context remains controversial [3-9]. In patients 
with established malignancy, it can be used for periodic 
reevaluation when the high sensitivity of the technique fre- 
quently outweights the disadvantage of low specificity. Both 
sensitivity and specificity are improved when previous scans 
of the same patient are available for comparison. We have 
found the gallium scan to be particularly helpful in cases in 
which extensive scarring from previous surgery has rendered 
radiographs and CT scans difficult to interpret. In this situa- 
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tion, a new focus of gallium accumulation in a patient with no 
clinical evidence of infection strongly suggests recurrent tu- 
mor (Fig. 1). In patients who develop clinical symptoms, the 
gallium scan can localize a recurrence unsuspected on chest 
radiography (Figs. 2 and 3). 

False-positive results are a potential source of concern with 
gallium scans in general. In this series, although false positives 
did occur (Fig. 4), the rate was reasonably low, and the 
patient’ s management was not adversely affected in any case. 
Comparison with previous postoperative scans in most in- 
stances undoubtedly increased interpretation accuracy. More 
importantly, in recognition of the potentially low specificity of 
the test, the results were generally used as a guide to further, 
more specific investigations. Therefore, at worst, a false- 
positive call resulted in additional, otherwise unnecessary, 
testing. 

Administration of chemotherapy less than 24 hr before 
gallium injection has been reported to impair tracer localization 
in tumor [10]. Greater temporal separation between chemo- 
therapy and gallium administration can obviate this problem. 
In this series, 15 of 40 patients with gallium-positive recur- 
rences had received chemotherapy in the weeks or months 
preceding the scan, and tracer concentration was evidently 
not impaired. 

As treatment for recurrent lung cancer is largely palliative, 
the cost-effectiveness of routine postoperative testing de- 
signed to detect preclinical recurrence may be questioned. 
However, in an oncology program in which randomized trials 
for various adjuvant forms of therapy are in progress, it is 
important to document the “disease-free interval” and to 
establish the presence of recurrent tumor as early and as 
accurately as possible. In some instances, detection of pre- 
clinical bone metastases can facilitate early radiation therapy, 
thus preventing pathologic fractures with attendant morbidity. 
Further, a thorough evaluation that indicates no evidence of 
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Fig. 2.—63-year-old man with diffuse bone pain 5 months after left pneumonectomy for stage II squamous cell carcinoma. 
A, Bone scan was interpreted as normal. In retrospect there is some asymmetry in ischial regions. 

B, Gallium scan 3 days later. Uptake in right ischium (arrow). 

C, Radiograph confirms lytic metastasis (arrow). 


Fig. 3.—75-year-old man with productive 
cough 9 months after left lower lobectomy for 
stage | squamous cell carcinoma. 

A, Chest radiograph shows postoperative 
scarring unchanged from previous study. 

B, Gallium scan shows focal uptake ante- 
riorly in midsuperior mediastinum (arrow). Tra- 
cheal metastasis was confirmed by broncho- 





scopy. 
A B 

recurrent tumor can provide important reassurance to a con- tumor, the ability to image the entire body and to localize a 
cerned patient. In those who develop symptoms such as potential recurrence is valuable. 

poorly localized pain, early diagnosis of recurrence by gallium Our results demonstrate that use of routine postoperative 


scanning can facilitate timely palliation. Although an abnormal whole-body gallium scans can facilitate early detection of 
focus of gallium activity is not in itself diagnostic of recurrent recurrence in some cases. More importantly, judicious use of 
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Fig. 4.—Asymptomatic 54-year-old man 5 
months after right middle and right lower lo- 
bectomy for stage Ill adenocarcinoma. 

A, Gallium scan shows no abnormality. Faint 
hilar uptake of degree observed was not con- 
sidered significant in these patients. 

B, 14 months later. Focal uptake in left axilla 
(arrow) diagnosed as probable lymph node 
metastasis. Left axillary biopsy showed no evi- 
dence of recurrent tumor; follow-up was un- 
eventful. 


gallium scans in patients with clinically suspected recurrence 
enables prompt localization, diagnosis, and treatment of the 
recurrent tumor. 
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Cine-CT Technique for Evaluation of Left Ventricular 
Function During Supine Exercise 


Michael R. Rees," ? Robert M. MacMillan, Barbara Fender,’ and Donald L. Clark’ 


Rapid-acquisition CT (cine CT) with its 50-msec data ac- 
quisition time is a new technique for cardiac imaging that 
permits the study of left ventricular regional-wall motion [1], 
left ventricular end-diastolic and end-systolic volumes, and 
ejection fraction [2]. Wide application of this technique for the 
detection and evaluation of coronary artery disease requires 
the combination of exercise with cine/CT scanning. In order 
to do this, significant technical difficulties must be resolved, 
including avoidance of motion artifact, angulation of patient, 
method of exercise, method of bolus delivery, scan timing, 
and scan levels. This report summarizes our methods for 
performing an adequate cine-CT exercise study. 


Materials and Methods 


All scans were performed on the Imatron C-100 scanner, which 
attains its rapid scan times by elimination of movement of the X-ray 
tube and gantry. Roentgen rays are produced by a scanning electron 
beam generated in an electron gun and magnetically focused onto 
four tungsten targets, producing up to eight near-contiguous 8-mm 
slices. Total scan time is 58 msec (50-msec scan time, 8-msec 
interscan delay) [3]. The largest reconstruction-and-scan circle di- 
ameter is 47 cm. This permits considerable movement in the posi- 
tioning of an average-sized patient, which is achieved by table move- 
ment of up to 25° leftward and rightward in the horizontal plane and 
table tilt of up to 25° downward. 

The patient is studied in the fasting. state. An 18- or 20-gauge 
cannula is placed in a median antecubital vein. The patient is posi- 
tioned supine on the scan table with his shoulders in contact with a 
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table-supported shoulder brace. A table-attached bicycle ergometer 
is adjusted to the patient. The patient is positioned for a long-axis 
view (Fig. 1) by turning the table 20° leftward and feet-down 5°. The 
downward table tilt permits greater traction on the ergometer. The 
long-axis view is preferred over the standard transaxial view because 
it gives better visibility of the left ventricular apex and allows compar- 
ison with cardiac sonography and right anterior oblique left ventricu- 
lography (Fig. 2). 

The patient is centered in the scan circle, and the anterior chest 
wall is marked for position. An eight-level localization scan is per- 
formed. The levels to be imaged are selected so that slices are 
obtained through the entire left ventricle, and a two-level flow study 
is then performed by injecting 5-10 m! Renografin 76 (Squibb, Prince- 
ton, NJ) at a rate of 5 mi/sec through the antecubital vein cannula. 
The vein is checked for patency before injection. Respirations are 
suspended 5 sec before and during scans. The time to peak appear- 
ance of contrast material in the left ventricle is determined along with 
time-density curves for determination of cardiac output. 

Scans for the flow study are triggered to the R wave of the ECG 
and are acquired 1 scan/cardiac cycle in diastole over 20-40 cardiac 
cycles, depending on heart rate. From the flow study, six contiguous 
levels sufficient to slice the entire left ventricle are selected. A six- 
level scan in the cine or continuous mode is performed at rest by 
injecting a 33-39 mi bolus of contrast material, depending on heart 
rate and body size, at a rate of 3 ml/sec (prolonged bolus technique). 
The scan is started at the previously determined peak-appearance 
time for the left ventricle. The scan sequence is begun at the peak of 
the R wave by ECG with successive scans begun consecutively. For 
a six-level slice acquisition with slow heart: rates, the entire cardiac 
cycle is not covered, since only 13 images/level are permitted by 
current computer capacity. However, even with this limitation, dias- 
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tole and systole in all patients can be imaged by peak R-wave 
triggering. 

The patient then undergoes graded exercise. The exercise is 
continued to a predetermined endpoint, for example, angina, target 
heart rate, dyspnea, fatigue, or drop in blood pressure. Heart rate 
and blood pressure are monitored during exercise. Immediately be- 
fore the patient ceases exercise, his chest-wall markings are realigned 
within the scanner. A prolonged bolus of contrast material is injected 
(33-39 ml at 3 ml/sec) via the peripheral vein. Exercise is stopped 
after injection of contrast material is begun, and respiration is sus- 
pended 5 sec before scanning. Scans are begun 2-4 sec earlier than 
the peak-appearance time for the left ventricle at rest. The prolonged 
bolus technique ensures that scanning will take place while the 
contrast medium is in the left ventricle. 

After return of the heart rate to baseline, the patient is repositioned 





Fig. 1.—Patient positioning for exercise study in long-axis planar view 
for cine CT. 


Fig. 2.—Cine-CT images through middle left 
ventricular slice in long-axis planar view. 

A, Left ventricle at end-diastole; arrow = mi- 
tral valve; RV = right ventricle; LV = left ventricle; 
LA = left atrium. 

B, Left ventricle at end-systole. 
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in the short axis [4]. The table is angled rightward 20° and tilted feet- 
down to a maximum of 25° with the patient’s upper body raised from 
behind with foam wedges, giving a final angulation of the torso of 
20-55° with the horizontal (Fig. 3). In some cases a satisfactory 





Fig. 3.—Patient positioning for exercise study in short-axis planar view 
for cine CT. 
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Fig. 4.—Cine-CT images through a middle left 
ventricular slice in short-axis planar view. 

A, Left ventricle at end-diastole; LV = left 
ventricle, RV = right ventricle. 

B, Left ventricle at end-systole. 


A 


short-axis position can be achieved with table tilt alone. The short- 
axis view allows visualization of the entire left ventricular wall and is 
particularly useful for abnormalities of the anterior and inferior left 
ventricular wall (Fig. 4). 

An eight-level localization is performed to determine that the patient 
is satisfactorily placed within the reconstruction circle and to deter- 
mine the levels necessary to scan the left ventricle in the short axis. 
A six- or eight-level scan in the cine mode triggering at peak R wave 
is performed by using the prolonged bolus method described above. 
If the rest study is satisfactory, an exercise study is performed by 
using the previous exercise protocol and the same scanning protocol. 
The short-axis view is more sensitive to scan artifacts caused by 
shifts in body position during exercise, and meticulous care must be 
taken to reposition the patient before scanning after exercise. Wall- 
motion abnormalities may be assessed visually either by replaying 
the scans on the computer in the cine mode in a closed loop or by 
examining the study frame by frame with computerized planimetry of 
the ventricular wall. End-systolic and end-diastolic frames can be 
selected either visually or by reference to the patient’s ECG, recorded 
during the study. 


Discussion 


This method allows performance of a complete study with 
the patient receiving less than 200 ml of contrast material. By 
obtaining both long- and short-axis views one can assess all 
major segments of the left ventricular wall. As wall-motion 
abnormalities may only be seen during exercise, rest vs 
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exercise segmental wall motion can be compared. Ejection 
fraction from the long-axis view can be determined for rest 
vs exercise, and an abnormal response can be detected [5]. 
Because of current limitations in the size of the reconstruction 
circle, a true short-axis view may not be possible for large- 
chested patients; for these patients, we recommend repeat 
localizations at lesser angulations. If the short axis cannot be 
scanned, we recommend performing only the long-axis study. 
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Pharyngeal Kaposi's 
Sarcoma in Patients with 
AIDS — 





The radiographic appearance of gastrointestinal Kaposi’s sarcoma in patients with 
AIDS has been described previously, but little attention has been paid to pharyngeal 
involvement. This study compared the radiographic findings of pharyngeal Kaposi's 
sarcoma in eight patients with AIDS and dysphagia to those of visual inspection by 
laryngoscopy or bronchoscopy. Barium pharyngography (six patients) demonstrated 
nodular lesions without ulceration, ranging in extent from a single nodule to extensive 
confluent disease. CT (two patients) showed nodular or polypoid intraluminal protru- 
sions, distortion of valleculae and pyriform sinuses, infiltration of deep-tissue planes, 
and adenopathy. A 4-mm nodular lesion was not seen on pharyngography. Radiographic 
evaluation provided supplemental information in six patients, especially regarding infe- 
rior extent of disease in four whose bulky lesions precluded adequate visual assess- 
ment. CT aided in defining deep-tissue-plane involvement and extent of nodal disease. 
It is concluded that barium pharyngography and CT are useful in the diagnostic evalu- 
ation of possible Kaposi’s sarcoma in patients with AIDS and dysphagia. 


Kaposi’s sarcoma now occurs in an epidemic form associated with AIDS. The 
gastrointestinal tract is involved at the time of diagnosis or early thereafter in about 
50% of homosexual men with cutaneous disease [1-4]. The radiologic literature 
contains scattered descriptions of AIDS-related gastrointestinal Kaposi’s sarcoma 
[3-6], but to our knowledge, there are no published radiographs or descriptions of 
pharyngeal involvement without coexistent opportunistic infection. We compared 
the radiographic findings of pharyngeal Kaposi’s sarcoma in eight patients with 
AIDS and dysphagia to those of visual inspection by laryngoscopy or bronchoscopy. 


Subjects and Methods 


Eight patients with AIDS and visually detected oropharyngeal and/or hypopharyngeal 
Kaposi’s sarcoma were studied. The diagnosis of AIDS conformed to the criteria established 
by the Centers for Disease Control [7]. All patients were homosexual men; their ages ranged 
from 22 to 44 years. All patients had cutaneous Kaposi’s sarcoma, and one also had oral 
lesions. Presenting symptoms included dysphagia (eight patients), odynophagia (three), 
dysphonia (two), and hoarseness (one). Time from the diagnosis of AIDS to onset of the 
above symptoms ranged from 3 to 18 months. Radiographic evaluation was performed from 
2 days before to 17 days after visual examination. 

In six patients, pharyngograms were performed along with esophagrams in the routine 
evaluation of dysphagia. In two patients, radiographic findings prompted visual examination. 
The remaining four patients were evaluated radiographically without knowledge of the details 
regarding site or extent of disease noted previously by visual inspection. Barium pharyngog- 
raphy was performed by using the air-contrast technique as described by Semenkovich et al. 
[8]. Briefly, in the erect position, the patient swallows 15-30 mi of a high-density barium 
suspension and then performs a modified Valsalva maneuver. Exposures are made during 
maximal pharyngeal distension. 

Two patients were studied by CT performed with a GE 9800 CT/T scanner during quiet 
respiration. Contiguous 0.5-cm-thick images were obtained after a bolus of IV contrast 
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material. No patient underwent both pharyngography and CT. Two 
patients had a follow-up pharyngogram, one after local radiation 
therapy and one after CO; laser therapy. 

Visual inspection consisted of indirect laryngoscopy (one patient), 
indirect laryngoscopy followed by direct laryngoscopy (three), direct 
laryngoscopy (three), and bronchoscopy (one). Biopsy, performed on 
six patients, was diagnostic of Kaposi's sarcoma in each. The diag- 
nosis was made in the remaining two patients by the characteristic 
endoscopic appearance of violaceous nodules or hemorrhagic mac- 
ules [1]. No patient had concurrent pharyngeal candidiasis. Radi- 
ographic and visual findings were compared. 


Results 


Pharyngography demonstrated one or more nodular lesions 
of Kaposi’s sarcoma in all patients. The extent of disease 
ranged from a single 1 x 2 cm nodular lesion to innumerable 
lesions, occasionally as large as 2.5 cm (Fig. 1). Disease was 
most extensive at the base of the tongue and tonsillar fossae, 
where confluent nodules were present in four patients. In- 
volvement of the valleculae was noted in four patients, some- 
times with prominent effacement (Fig. 2). The posterior hy- 
popharyngeal wall and pyriform sinuses were each involved 
in three patients. Neither ulceration nor central umbilication 
was present. 

In seven of eight pharyngograms (including two follow-up 
studies), radiographic findings confirmed or supplemented 
those of visual examination. The inferior extent of disease 
was more completely determined in four patients whose bulky 
lesions precluded adequate visual inspection. Follow-up phar- 
yngography after local radiation therapy in one patient dem- 
onstrated marked regression of extensive nodular disease 
that had involved the base of the tongue, posterior and lateral 
walls of the oropharynx, valleculae, and the pyriform sinuses 
(Fig. 1B). However, in one patient, follow-up pharyngography 
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Fig. 1.—38-year-old homosexual man with dys- 
phagia. Anteroposterior (A ) and lateral (B) views 
of pharynx show multiple large nodular submu- 
cosal lesions involving anterior oropharynx and 
base of tongue. Valleculae are deformed. There 
is a lesion measuring 2.5 cm in left pyriform 
sinus. 


10 months after CO; laser therapy did not demonstrate a 
single 4-mm lesion at the level of the arytenoids. Pharyngog- 
raphy was used to design the radiation port in three patients. 

CT, performed in two patients, demonstrated nodular or 
polypoid intraluminal protrusion of tumor (Figs. 3 and 4) as 
had been noted on visual examination. Additional findings on 
CT included tumor infiltration of the parapharyngeal, paralar- 
yngeal, and preepiglottic spaces, thickening of the posterior 
pharyngeal wall, distortion of valleculae and pyriform sinuses, 
tumor extension about the vascular sheath into the sterno- 
cleidomastoid muscle, and cervical adenopathy. In one pa- 
tient, left maxillary sinus opacification was biopsy-positive for 
Kaposi's sarcoma. This patient later required tracheostomy 
for acute airway obstruction. 


Discussion 


In patients with AIDS, Kaposi’s sarcoma presents as an 
aggressive, multicentric neoplasm with early visceral involve- 
ment. The gastrointestinal tract is the most common target 
organ after skin and lymph node disease; gastrointestinal 
lesions may antedate skin lesions. Radiographically, AIDS- 
related gastrointestinal Kaposi's sarcoma has been noted to 
cause intraluminal filling defects of variable size and number. 
Although central umbilication may be seen, it is not common. 
Large nodules may protrude into the lumen as polyps or 
masses. Multiple coalescent lesions may produce an appear- 
ance of enlarged nodular gastric rugae or thickened nodular 
small-bowel folds [3-6]. To our knowledge, there are no 
reports to date of the radiographic appearance of Kaposi’s 
sarcoma of the pharynx in the absence of concurrent oppor- 
tunistic infection. Barium pharyngography in our patients dem- 
onstrated well-defined nodular lesions without mucosal ulcer- 
ation. One patient had a single nodular intraluminal protrusion, 
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Fig. 2.—30-year-old homosexual man with oral Kaposi’s sarcoma and deformity of valleculae and pyriform sinuses. C, Reevaluation 10 months 
dysphagia. Anteroposterior (A) and lateral (B) views of pharynx demon- later, after local radiation treatment, shows fewer lesions and less distor- 
strate extensive coalescent nodules in oropharynx and hypopharynx with tion of valleculae and pyriform sinuses. 


x 
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Fig. 3.—31-year-old homosexual man. A, Left vallecula (straight arrow) and orifice of left pyriform Fig. 4.—22-year-old homosexual man. Bilateral 
sinus (curved black arrow) are obliterated. Curved white arrow indicates large anterior cervical lymph parapharyngeal space infiltration is seen with 


node. extension of tumor on left about carotid sheath 
B, At level of hyoid bone, there is thickening of aryepiglottic fold with narrowing of laryngeal into sternocleidomastoid muscle. Ili-defined but 
vestibule (arrow) and infiltration of paralaryngeal spaces bilaterally. enlarged submandibular gland on left was bi- 


opsy-positive for Kaposi’s sarcoma. Curved ar- 
row indicates right submandibular gland; straight 
arrow indicates right carotid artery. 


whereas the others had more confluent disease with lesions and candidiasis. Coaptation of one pharyngeal structure 


extending from the base of the tongue to the tonsillar pillars, against another can simulate a mass, but should be distin- 
valleculae, and pyriform sinuses. guished readily from a true abnormality on repeat swallow. 
The differential diagnosis for this appearance on pharyn- Lymphoma occurs in the submucosal lymphoid tissue of the 


gography includes coaptation artifact, lymphoma, carcinoma, gastrointestinal tract and commonly involves Waldeyer’s ring 
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in the nasopharynx. At the level of the oropharynx and hy- 
popharynx where there is no submucosal lymphoid tissue, 
lymphoma involves the lymph nodes. Generally, carcinoma 
can be distinguished from Kaposi's sarcoma on barium ex- 
amination by its mucosal location. Moreover, carcinoma tends 
to occur in patients who are older than the typical AIDS 
patient. The nodules of Kaposi’s sarcoma are notably different 
from the discrete small mucosal plaques, cobblestoning, and 
shaggy borders that are typical of candidiasis. 

Our findings demonstrate the value of barium pharyngog- 
raphy in patients with AIDS and dysphagia. Barium evaluation 
detected all lesions of Kaposi sarcoma seen by visual inspec- 
tion, except a single 4-mm lesion. Moreover, it often supplied 
additional information regarding inferior extent of disease in 
those patients whose bulky proximal lesions precluded opti- 
mal visual inspection of the hypopharynx, especially the pyri- 
form sinuses. Incomplete indirect laryngoscopy in three pa- 
tients prompted intraoperative direct laryngoscopy in an at- 
tempt to further define the full extent of disease. 

Although early Kaposi’s sarcoma elsewhere in the gastroin- 
testinal tract is often asymptomatic [1, 2], nodular lesions in 
the pharynx can produce symptoms because of their location. 
Radiographic evaluation of possible pharyngeal Kaposi's sar- 
coma in patients with AIDS may be preferable to laryngoscopy 
for several reasons. Barium pharyngography can be used to 
screen symptomatic patients who may benefit from chemo- 
therapy or radiation therapy for palliation and improved quality 
of life; it also provides a means of defining the radiation port. 
With barium pharyngography, patients can concurrently 
undergo evaluation of the remainder of the upper gastrointes- 
tinal tract for possible multifocal disease, including other sites 
of Kaposi’s sarcoma, lymphoma, or concurrent opportunistic 
infection [6]. In addition to detecting the initial lesions, barium 
pharyngography provides a ready and easy mode of assess- 
ing response to treatment. Compared with direct visualization, 
it is a less invasive and more readily tolerated examination, 
and it is available at institutions that do not have an experi- 
enced otolaryngologist. The cost of pharyngography com- 
pares favorably with indirect laryngoscopy and is a small 
fraction of the total cost of direct laryngoscopy, which requires 
the operating room and general anesthesia. CT is valuable in 
determining extent of deep-tissue-plane involvement and no- 
dal disease and may detect clinically unsuspected disease. 
Finally, both barium pharyngography and CT introduce less 
risk that the examiner will be exposed to the patient’s body 
fluids. Neither pharyngography nor CT will demonstrate the 
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early macular lesions of Kaposi’s sarcoma, but in our experi- 
ence, these lesions do not cause symptoms. 

In summary, our study shows that barium pharyngography 
can contribute to the evaluation of possible Kaposi’s sarcoma 
in the patient with AIDS and dysphagia. If previous visual 
inspection is judged to be inadequate, pharyngography may 
better determine the full extent of disease. CT may be indi- 
cated in those patients with palpable adenopathy to assess 
deep soft-tissue-plane involvement and extent of nodal dis- 
ease. Both techniques provide data for delineation of radiation 
ports and a baseline examination for comparison when as- 
sessing response to therapy. 
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Pseudotumor of the 
Quadrate Lobe in Hepatic 
Sonography: A Sign of 
Generalized Fatty infiltration 





Sonograms of 43 patients demonstrated a focal area of decreased echogenicity in 
the media! segment of the left hepatic lobe (quadrate lobe). The shape ranged from 
ovoid to sheetlike, and the diameter ranged from 0.7 to 8.6 cm. The echogenicity of the 
right hepatic lobe was abnormally increased in 34 of 37 scans graded. In 20 patients 
with follow-up sonograms, 11 showed no change, six disappeared and three decreased 
in size. In 12 patients with unenhanced CT scans, 10 had decreased attenuation of the 
hepatic parenchyma and normal attenuation in the observed quadrate lobe focus. The 
hypoechoic focus in the quadrate lobe represents focal sparing in generalized fatty 
infiltration of the liver. When present, this focus represents a useful qualitative sign of 
generalized fatty infiltration in the rest of the liver. 


Most commonly, fatty infiltration of the liver (FIL) is generalized; both CT scans 
and sonograms can demonstrate changes related to this condition [1, 2]. Less 
commonly, FIL is focal, and occasionally it is generalized with focal areas of sparing 
[3, 4]. Two case reports have demonstrated generalized FIL with apparent focal 
sparing in the medial segment of the left hepatic lobe (also called the quadrate 
lobe) [5, 6]. However, the same focal area of decreased echogenicity has been 
described in 12 patients in whom the presence of FIL could not be confirmed, 
although the authors state that “it is possible that at least several of the patients 
had mild fatty infiltration” [7]. We examined records of 43 patients with a hypoechoic 
focus in the quadrate lobe to establish the clinical significance of this “mass” and 
to investigate its relationship to FIL. 


Materials and Methods 


Over a 3-year period, 43 patients demonstrated a hypoechoic area in the medial segment 
of the left hepatic lobe. There were 24 men and 19 women, ranging in age from 35 to 85 
years (mean, 60 years). The reasons for the first sonograms included possible liver metastases 
from a known primary malignancy (15 patients), upper abdominal pain (13 patients), possible 
hepatic parenchymal disease (4 patients}, and other abdominal symptoms (11 patients). 

Follow-up sonograms were. obtained in 20 of the 43 patients 1 to 27 months after initial 
sonograms (mean, 9 months). All scans were performed with real-time sector scanners. CT 
scans were obtained in 12 patients. The time between the sonogram and CT was 0 days in 
6 patients and 1, 2, 3, 6, 12, and 60 days in the others. All CT scans were performed without 
contrast enhancement. Scan slices were 1 cm thick and 1 cm apart. Where possible, CT 
attenuation numbers for the right hepatic lobe, the focal “abnormality,” and the spleen were 
obtained. Scans were photographed at the usual window settings (40-H window level and 
400-H window width) and also at reduced window widths (160 H). In two patients, a liver 
biopsy of the right hepatic lobe was performed, and in one patient a fine-needle aspiration of 
the hypoechoic focus was performed. 

Sagittal sonograms of the right hepatic lobe and right kidney allowed scoring of the liver 
parenchyma according to Scatarige et al. [2]: grade 1, mild FIL (diffuse increase in hepatic 
echoes with normal visualization of intrahepatic vessels and diaphragm); grade 2, moderate 
FIL. (diffuse increase in hepatic echoes with slightly impaired visualization of intrahepatic 
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vessels and diaphragm); grade 3, severe FIL (marked increase in 
hepatic echoes with poor visualization or nonvisualization of vessel 
borders, diaphragm, and posterior right lobe). 


Results 


The first sonograms demonstrated the hypoechoic area 
anterior to the portal vein bifurcation in 38 patients (Fig. 1) 
and medial to neck of gallbladder, or interlobar fissure in five 
patients (Fig. 2). In four patients a second hypoechoic area 
was noted in the caudate lobe (Fig. 3), and in one patient, a 
second area was noted in the right hepatic lobe. The margins 
of the focus were fairly well defined but not as sharply as a 
cyst would be, and the shape varied from a thin sheet of 
hepatic tissue to a roughly ovoid shape. The mean length of 
the focus was 3.0 cm (range 1.2-6.0 cm), the mean width 2.6 
cm (range 0.9-8.6 cm) and the mean depth 1.5 cm (range 
0.7-4.2 cm) (Fig. 4). 

The parenchyma of the right hepatic lobe was graded as 
follows: grade 3, three patients; grade 2, 13 patients; grade 
1, 19 patients; normal, three patients; unable to grade, five 
patients. The parenchymal grade was unobtainable in five 
patients because a single long-axis view that included the 
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Fig. 1.—A, Sagittal sonogram through gall- 
bladder (G) and right kidney (short arrows indi- 
cate upper pole of right kidney). Note hypoechoic 
focus (long arrows) anterior to right portal vein 
(P). 

B, Axial sonogram through same liver as A 
demonstrating hypoechoic focus (large arrows) 
anterior to portal vein bifurcation (P). Focus lies 
lateral to interlobar fissure (f) that separates 
right and left lobes of liver. A = aorta; RK = right 
kidney. 

C, Axial CT scan of same patient without IV 
contrast enhancement, demonstrating hyper- 
dense focus (arrows) corresponding in size and 
location to the hypoechoic focus in sonograms. 
Scan was photographed at window level 40 H 
and window width 400 H. 

D, Same axial CT scan as C with window width 
narrowed to 160 H. Hyperdense focus (arrows) 
is more easily identified at narrower window 
width. 


right hepatic lobe and right kidney could not be obtained with 
the sector scanner. 

Follow-up sonograms in 20 patients (1-27 months time 
lapse) showed no change in the hypoechoic focus in 11, a 
decrease in size in three, and disappearance in six. In the last 
six patients, the parenchymal score of the right hepatic lobe 
changed from 1 (mild FIL) to 0 (normal) in four patients, 2 to 
1 in one patient, it remained 0 in one patient. 

In 10 of 12 patients, the unenhanced CT scan demonstrated 
a relatively hyperdense focus corresponding in size and lo- 
cation to the hypoechoic focus in the sonogram. The hyper- 
dense focus was more easily detected with narrow window 
widths (i.e., 160 H). In fact, the focus was quite subtle in 
some patients at the usual settings for abdominal CT scan 
photography (window width, 400 H). In two of 12 patients, 
the CT scan failed to demonstrate a hyperdense focus while 
the sonograms demonstrated hypoechoic foci of 3.2 x 2.2 x 
2.3 cm and 3.7 x 2.8 x 1.5 cm, respectively. However, the 
CT scans were available only at 400-H window width, and 
scan data could not be retrieved for further examination. The 
time interval between the sonogram and CT for these two 
patients was 12 days and 2 months, respectively. In follow- 
up sonograms (at 25 months and 3 months), the foci had 


AJR:147, November 1986 


Fig. 2.—A, Sagittal sonogram through inferior 
vena cava (V) and right portal vein (P). Note 
small hypoechoic focus (arrow) anterior to neck 
of gallbladder (G). 

B, Axial sonogram in same patient, demon- 
strating small hypoechoic focus (arrow) medial 
and anterior to gallbladder neck (G). 

C, Axial sonogram through right kidney (K) 
and portal vein bifurcation (P) in another patient, 
demonstrating a band of hypoechoic liver tissue 
(short arrows) medial to interlobar fissure (F). 

D, Unenhanced axial CT scan in the same 
patient, demonstrating thin band of hyperdense 
liver tissue (short arrows) medial to interiobar 
fissure (F). K = upper pole of right kidney. 


Fig. 3.—A, Axial sonogram through right (r) 
and left (I) portal veins demonstrating hypoech- 
oic focus in medial segment of left hepatic lobe 
(short arrows) and large hypoechoic focus in 
caudate lobe (/ong arrows). 

B, Unenhanced axial CT scan in the same 
patient, demonstrating hyperdense focus in me- 
dial segment of left hepatic lobe (long arrow) 
and another hyperdense focus in caudate lobe 
(short arrow). Right hepatic lobe was less dense 
than spleen. 
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disappeared. In one of these two patients, a liver biopsy (right oic focus in the quadrate lobe, and the CT demonstrated a 
lobe) demonstrated the histology of mild fatty infiltration corresponding hyperdense focus. The only other biopsy was 
shortly after the first sonogram. Another patient had a biopsy a fine-needle aspiration of the hypoechoic focus itself, which 
of the right hepatic lobe that demonstrated moderate fatty demonstrated normal cytology. 

infiltration. The previous sonogram demonstrated a hypoech- In the 10 patients with CT attenuation values determined, 
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the attenuation of the right hepatic lobe was less than the 
quadrate lobe. The mean attenuation of the right lobe was 33 
H (range 6-54 H) and the quadrate lobe 53 H (range 36 to 68 
H). On average, the attenuation of the right hepatic lobe was 
21 H less than the quadrate lobe (range 14-30 H). The mean 
attenuation of the spleen was 47 H (range 32-56 H). On 
average, the attenuation of the right hepatic lobe was 14 H 
less than the spleen (range 0-26 H). 


Discussion 


The hypoechoic focus described here could be mistaken 
for a tumor mass except that follow-up sonograms (20 pa- 
tients) and CT scans (12 patients) demonstrated that these 
foci were not neoplasms. Although the foci in the medial 
segment of the left lobe may vary tremendously in shape and 
size, we now Can dismiss the possibility of neoplasm in most 
patients’ first sonogram on the basis of the following obser- 
vations: (1) The hypoechoic focus had a characteristic location 
and the echogenicity of the right hepatic lobe was increased 
compared with the cortex of the right kidney; (2) There was 
no mass effect on surrounding vessels and tissue; (3) There 
was usually a solitary focus, although the caudate lobe and 
other areas were sometimes affected. (4) In some cases, a 
hypoechoic area was more like a sheet of tissue than an 
ovoid or spherical mass. A straight interface with normal liver 
tissue would be very unusual for a tumor, and this finding 
was very suggestive that FIL with focal sparing was present. 

In most patients, the echogenicity of the right lobe was 
clearly increased. This finding represents a reasonably accu- 
rate indication of FIL [2]. In 10 of the 12 patients with CT 
scans, the right hepatic lobe was less dense than normal 
(mean attenuation of 33 H compared with a normal range of 
40-80 H in unenhanced scans) and the right lobe was less 
dense than the pseudotumor. In addition, the attenuation of 
the right hepatic lobe was less than the spleen, although the 
liver is normally denser than the spleen. These findings indi- 
cate an increased amount of fat in the right hepatic lobe [1] 
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Fig. 4.—A, Sagittal sonogram through right 
portal vein (large arrow) and common hepatic 
duct (small arrows) demonstrating large hypo- 
echoic focus (Q) in medial segment of left he- 
patic lobe. 

B, Unenhanced CT scan in the same patient, 
demonstrating hyperdense focus (Q) in same 
location. Right hepatic lobe was less dense than 
spleen. 


with relative sparing in a portion of the quadrate lobe, whose 
mean attenuation was 53 H (normal liver, 40-80 H). As in 
normal liver tissue, the mean attenuation of the pseudotumor 
was slightly greater than the spleen (mean of 6.5 H greater). 

Some of the pseudotumors were quite subtle on CT, and 
only scans with narrow window widths clearly demonstrated 
the area to be relatively hyperdense. The difference between 
right lobe and spleen density also became clearer with re- 
duced window widths. In two of the 12 patients with CT 
scans, no focal abnormality was seen, perhaps because CT 
images with reduced window widths were not available, or 
because the amount of FIL changed between the first sono- 
gram and subsequent CT scan (time intervals of 12 days and 
2 months). It is well known that rapid disappearance of fat 
(less than 1 week) can occur when the offending agent is 
removed [8]. Furthermore, a conventional biopsy of the right 
hepatic lobe in one of these patients revealed mild FIL shortly 
after the sonograms. We conclude, therefore, that these 
hypoechoic pseudotumors represent a qualitative sign of fatty 
infiltration in the rest of the liver, with sparing in the quadrate 
lobe. 

Our clinical practice indicates that the pseudotumor is not 
present in all cases of FIL, by any means. However, in a 
patient with increased echogenicity of the right hepatic lobe, 
rescanning with special attention to the quadrate lobe often 
allows detection of a small zone of decreased echogenicity, 
which increases our confidence that FIL is actually present. 

The cause of focal sparing in FIL is unclear. A study of 10 
liver specimens with focal FIL [9] postulated focal ischemia 
to explain the fatty deposition. A recent article [10] has 
demonstrated that in some patients, direct anastomoses be- 
tween peripheral portal radicles and perforating capsular or 
accessory cystic veins occur in this area of the liver. These 
communicating vessels can cause drainage of systemic ve- 
nous blood into liver sinusoids. The local blood flow may then 
be dominated by systemic venous blood rather than splanch- 
nic venous blood, and for this reason there may be localized 
sparing in generalized fatty infiltration of the liver. 
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American Roentgen Ray Society 87th Annual Meeting 
April 26-May 1, 1987, Miami Beach, FL 


Fontainebleau-Hilton Hotel 


Registration and Hotel Reservations 


Forms for advance registration and hotel reservations will be in the 
January and February 1987 issues of the AJA. 


Refresher Course Program 


A summary of the refresher courses will appear in the AJR in 
January along with advance registration forms. Early registration is 
an advantage in assuring preferred courses in this popular program. 
Dr. J. T. Ferruci, Jr. is program director. 


Local Program 


A program of sightseeing, shopping, and entertainment will be 
developed by the Local Arrangements Chairman. Information and 
advance registration forms will be in the January and February issues 
of the AJR. 


President’s Award Papers 


The society offers several cash awards for the best scientific 
papers prepared by residents in radiology. The President's Award 
has a $1000 prize. There are two Executive Council awards of $500 
each. All are presented at the annual meeting. Papers should be 
submitted by Jan. 31 for consideration in this competition. Send 
entries to: 

B. G. Brogdon, M.D. 

Dept. of Radiology 

University of South Alabama Medical Center 
2451 Fillingim Street 

Mobile, AL. 36617 


ARRS Membership Requirements 


The American Roentgen Ray Society (ARRS) has two membership 
categories: active and in-training. For active membership, applicants 
must practice radiology in the U.S. or Canada. Each must have 
graduated in good standing from an approved medical school or hold 
an advanced degree in physical, chemical, or biological science and 
be certified by the American Board of Radiology, the Royal College 
of Physicians and Surgeons of Canada, or otherwise adequately 
document training and credentials. 

A member-in-training must be in a radiology residency or postres- 
idency fellowship program or be a postgraduate student in an allied 
science. Status must be verified by the program director. 

For consideration during the 1987 ARRS meeting, completed 
applications must be received no later than Feb. 1. Obtain forms and 
details from: 

Rosalind H. Troupin, M.D. 
Department of Radiology 

Hospital of University of Pennsylvania 
3400 Spruce St. 

Philadelphia, PA 19104 


Associated Society Meetings 


Society for Pediatric Radiology and European Society of Pe- 
diatric Radiology 

The inaugural conjoint International Pediatric Radiology ‘87 meet- 
ing will meet May 30-June 4, 1987 at the Westin Hotel, Toronto, 
Ontario, Canada. Deadline for receipt of abstracts is February 1, 
1987. For details contact: Donald R. Kirks, M.D., Secretary, Society 
for Pediatric Radiology, c/o Dept. of Radiology, Childrens Hospital 
Medical Center, Elland and Bethesda Aves., Cincinnati, OH 45229, 
(513) 559-4880 


Deadlines 


President’s Award papers: January 31 
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Benign Pancreatic 
Insulinoma: Preoperative and 
Intraoperative Sonographic 


Localization 





Twenty-nine patients with surgically proved benign pancreatic insulinoma were stud- 
ied by preoperative or intraoperative sonography. Twenty-five patients had solitary 
pancreatic tumors; four had multiple tumors. Six of the patients with solitary insulinomas 
and one of the patients with multiple insulinomas had undergone previous unsuccessful 
exploration. Preoperative sonography was performed in 24 patients with solitary insuli- 
nomas, and 15 (63%) were localized. Intraoperative sonography was performed in 22 
patients with solitary insulinomas, and 19 (86%) were visualized without having been 
previously located by palpation. Four of these visible solitary tumors (18%) were not 
detected by palpation at surgery. All the solitary insulinomas were detected with the 
combination of palpation and intraoperative sonography. In each of the six patients with 
solitary insulinoma who had undergone previous surgery, the tumor was visible with 
intraoperative sonography, which also demonstrated nonpalpable insulinomas in two of 
the four patients with multiple tumors. Preoperative real-time sonography is a sensitive, 
noninvasive, inexpensive method for localization of insulinoma. Intraoperative high- 
frequency sonography is a highly sensitive method for the detection of insulinoma. 
intraoperative sonography is also valuable to determine the relationship of the insuli- 
noma to pancreatic and bile ducts and thereby facilitate safe enucleation. 


Insulinomas are usually small (<2.0 cm), solitary benign tumors with no predilec- 
tion for any part of the pancreas [1]. Accurate localization of these tumors facilitates 
their excision and obviates the poor alternative of “blind” distal pancreatectomy, 
which is associated with a greater morbidity and mortality [2]. With this goal in 
mind, many imaging procedures have been used with variable success, including 
angiography, CT, sonography, pancreatic venous sampling, and more recently, MR 
imaging. 

We have previously described our initial experience with intraoperative sonog- 
raphy in three patients with pancreatic insulinomas [3], and we present here our 
experience to date with both preoperative and intraoperative sonography in this 
condition. 


Subjects and Methods 


During a 4-year period, we studied 29 consecutive patients with benign pancreatic 
insulinoma: 19 female and 10 male patients, from 12 to 82 years old. All had clinical and 
biochemical evidence of insulinoma with hypoglycemic symptoms and had documented fasting 
hypoglycemia with inappropriately elevated levels of serum insulin. Surgical confirmation of a 
diagnosis of benign pancreatic insulinoma was obtained in all patients. Seven had undergone 
previous unsuccessful exploration for insulinoma. 

Twenty-five of the 29 patients had both preoperative and intraoperative sonography 
performed. Three had only preoperative sonography, and one had only intraoperative sonog- 
raphy. 

The preoperative sonograms were obtained using commercially available real-time scanners 
equipped with 3.5-MHz or 5-MHz transducers. The intraoperative sonograms were obtained 
using commercially available real-time scanners. Five patients were examined intraoperatively > 
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with a S-MHz transducer, and 21 were examined intraoperatively 
with 7.5-MHz or 10-MHz transducers. 

The preoperative examination was conducted systematically as 
follows: We initiated the examination with the patient supine and 
obtained both transverse and longitudinal scans of the head, body, 
and tail of the pancreas. We supplemented supine views with scans 
of the patient in recumbent oblique positions and then in the semierect 
position. In the semierect position, each patient drank approximately 
700 mi water, and scans were obtained using the fluid-filled stomach 
as an acoustic window. The tail of the pancreas was often visualized 
best through the fluid-filled stomach when the patient was in a left 
posterior oblique position. The tail of the pancreas was also visualized 
in the coronal plane by using the spleen as an acoustic window. We 
performed and interpreted the preoperative sonograms without 
knowing the location of the pancreatic insulinoma, except on one 
patient who had an insulinoma previously demonstrated angiograph- 
ically. 

For intraoperative sonography, the transducer head was coated 





Fig. 2.—A, Preoperative transverse sonogram demonstrates 1-cm hyperechoic insulinoma (ar- 
rows) in pancreatic head. Ao = aorta; IVC = inferior vena cava; St = stomach. 

B, Intraoperative transverse 7.5-MHz sonogram demonstates 1-cm hyperechoic insulinoma 
(straight arrows) with associated halo and refractive shadow in pancreatic head. Tumor lies 0.3 cm 
lateral to portal vein (V) and 0.4 cm medial to distal common bile duct (curved arrows). 
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with approximately 10 ml acoustic gel and was enclosed in a sterile 
sheath. The pancreas was mobilized by the surgeon, and the abdom- 
inal cavity was filled with warm, sterile saline. The sterile-covered 
transducer was placed within this “fluid path” approximately 1 cm 
anterior to the pancreatic surface, and the examination was started 
in the transverse plane. The confluence of splenic and superior 
mesenteric veins was identified, as was the superior mesenteric 
artery, and these large vessels were used as anatomic landmarks for 
the pancreas, which lay anteriorly. The neck and body of the pancreas 
were thoroughly imaged in both transverse and longitudinal planes. 
Attention was then directed to the tail of the pancreas, and the 
transducer was directed far laterally toward the splenic hilum so that 
the distal tail could be visualized. Finally, the head of the pancreas 
was imaged. In most patients, the pancreatic and distal common bile 
ducts were visible, and the relationship of these structures to the 
insulinoma was determined. If the tumor was palpable by the surgeon, 
its location was not revealed to the radiologist who performed the 
examination. 


Fig. 1.—A, Preoperative transverse sonogram 
demonstrates typical 1-cm hypoechoic insuli- 
noma (arrow) in body of pancreas. L = left lobe 
of liver; PV = portal vein; IVC = inferior vena 
cava; Ao = aorta. 

B, Intraoperative transverse 10-MHz sono- 
gram demonstrates typical 0.8-cm hypoechoic 
insulinoma (black arrow) in body of pancreas. 
Pancreatic duct (curved arrow) lies anterior to 
tumor. SV = splenic vein. 





Fig. 3.—Intraoperative transverse 10-MHz 
sonogram demonstrates 1.2-cm isoechoic insu- 
linoma with fine internal echoes (curved arrows) 
in pancreatic head of 16-year-old patient. Tumor 
was not palpable. P = pancreas parenchyma; BD 
= distal common bile duct. 


AJR:147, November 1986 


Results 


Of the 29 patients studied, 25 had solitary and four had 
multiple pancreatic insulinomas excised. Six of the patients 
with solitary insulinomas had undergone previous unsuccess- 
ful exploration; all of these tumors were in the pancreatic 
head. All four patients with multiple insulinomas had multiple 
endocrine neoplasia syndrome type 1 (MEN 1). One of these 
patients had a previous distal pancreatectomy but had two 
residual insulinomas in the pancreatic head. A total of 48 
insulinomas were removed from the 29 patients. The diame- 
ters of the tumors ranged from 0.2 to 2.4 cm (mean, 1.1 cm). 
The diameters of the solitary tumors ranged from 0.5 to 2.0 
(mean, 1.3 cm). All patients had surgical cure of hypoglycemia. 


Sonographic Appearance 


The typical sonographic appearance of a pancreatic insuli- 
noma is a well-circumscribed mass that is hypoechoic in 
relation to surrounding pancreatic tissue [4] (Fig. 1). Most 
insulinomas in our series had this sonographic appearance. 
Two patients had insulinomas that were hyperechoic in rela- 
tion to pancreatic tissue and were associated with a surround- 
ing hypoechoic halo and refractive shadows (Fig. 2). Two of 
the 32 tumors seen sonographically were isoechoic in relation 
to pancreatic tissue and were visualized only because of a 
subtle echogenic halo around the tumor (Fig. 3). One of the 
two insulinomas seen at intraoperative sonography with guid- 
ance from the surgeon was also isoechoic. One insulinoma 
contained a central echogenic focus of calcification. The echo 
texture of insulinomas is often finer than that of the surround- 
ing pancreatic parenchyma. The difference in echo texture is 
best appreciated by using high-frequency (7.5 to 10 MHz) 
sonography, which may help to identify the tumors (Fig. 3). A 
fine echo texture was present in nine of 16 solitary insulino- 
mas detected intraoperatively by high-frequency sonography. 


Diagnostic Accuracy 


Preoperative sonography.—Of the 28 patients examined 
preoperatively by sonography, 24 had solitary insulinomas 
and 4 had multiple insulinomas at surgery. Correct localization 
was obtained in 15 (63%) of the 24 patients with solitary 
insulinomas. In three of the nine patients with false-negative 
findings, the sonographic examination was technically inade- 
quate, because pancreatic tail was not visualized owing to 
bowel gas. In each of these three patients, a solitary insuli- 
noma was found in the tail of the pancreas at surgery. 
Excluding these three patients, correct preoperative sono- 
graphic localization was obtained in 71% of the patients with 
solitary insulinomas. Of the 24 solitary insulinomas, 17 were 
located in the head of pancreas, and 11 of these were visible 
sonographically. Four of the solitary insulinomas were located 
in the body of pancreas, and all were visible sonographically. 
Three of the solitary insulinomas were located in the tail of 
pancreas; none were visible with preoperative sonography. 

In each of the four patients with multiple insulinomas, at 
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least one of the tumors was visible sonographically, but most 
of the tumors were small (<1-cm diameter) and were not 
visualized. Of 33 tumors removed from these four patients, 5 
(15%) were visualized. The smallest insulinoma seen on pre- 
operative sonography was 0.5 cm. 

In the one false-positive preoperative sonogram, an acces- 
sory spleen in the patient was misinterpreted as a possible 
insulinoma in the tail of the pancreas. 

Intraoperative sonography.—Of the 26 patients examined 
intraoperatively by sonography, 22 had solitary insulinomas 
and 4 had multiple insulinomas at surgery. Intraoperative 
sonography correctly localized the tumors in 19 (86%) of the 
22 patients with solitary insulinomas. Two of the three insuli- 
nomas not visualized initially by the radiologist were visible 
after guidance from the surgeon, who could palpate the 
tumors. One of these insulinomas was larger than the field of 
view of the 10-MHz transducer and was isoechoic in relation 
to the adjacent pancreatic parenchyma; the other insulinoma 
was small and protruded off the anterior surface of the 
pancreas into the surrounding fluid path. The third tumor was 
in the distal pancreatic tail, which had not been mobilized by 
the surgeon; that region had not been imaged sonographi- 
cally. Of the 22 solitary insulinomas, 4 (18%) were neither 
palpable nor grossly visible but were seen by intraoperative 
sonography. These tumors measured 1.7 cm, 1.5 cm, 1.0 
cm, and 0.6 cm in maximum diameter and were all located in 
the pancreatic head. Two of these four patients were 
undergoing reoperation. All of the solitary insulinomas were 
detected with the combination of palpation and intraoperative 
sonography. 

Intraoperative sonography localized more insulinomas than 
did preoperative sonography in each of the four patients with 
multiple insulinomas. In the patient with MEN 1, who had a 
previous distal pancreatectomy but had two residual insuli- 
nomas in the pancreatic head, both tumors were visualized 
intraoperatively, although only one had been seen preopera- 
tively. The second insulinoma, which measured 0.5 cm, was 
not palpable. Of the 33 insulinomas removed from the four 
patients with multiple insulinomas, 12 (36%) were visible. Five 
of the 12 tumors seen by sonography were not palpable. 
Their diameters ranged from 0.3 cm to 0.7 cm. Intraparen- 
chymal insulinomas surrounded by echogenic pancreas were 
easier to visualize sonographically than were surface lesions 
protruding into the anechoic fluid around the pancreas. The 
smallest insulinoma visible by intraoperative sonography was 
0.3 cm [5] (Fig. 4). There were no false-positive intraoperative 
sonograms. 

Value of intraoperative sonography.—The contribution of 
each intraoperative sonographic examination to surgical man- 
agement was subjectively assessed by the surgeon. In 15 
(58%) of the 26 patients, intraoperative sonography contrib- 
uted to the surgical management. In four patients with solitary 
insulinomas, the contribution was vital because the tumors 
were not palpable, and enucleation was possible only after 
sonographic localization. In two of the four patients with 
multiple insulinomas, intraparenchymal tumors that were not 
palpable were demonstrated sonographically. Visualization of 
these insulinomas was essential to determine the extent of 
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the pancreatic resection. In the other nine patients, the intra- 
Operative sonographic examination was valuable because it 
precisely demonstrated the relationship of the insulinoma to 
the pancreatic and common bile ducts and pancreatic blood 
vessels (Fig. 1B). This information was useful to determine 
whether enucleation of the insulinoma was safe or whether 
pancreatectomy resection was indicated. 


Discussion 


When the diagnosis of pancreatic insulinoma has been 
established clinically and biochemically, accurate localization 
of the tumor is desirable to facilitate surgical resection and to 
obviate blind partial or subtotal pancreatectomy [6]. Various 
imaging techniques have been used to achieve this goal. 
These examinations vary in accuracy, invasiveness, operator 
dependence, and cost. 

The success rate of angiographic localization ranges from 
20 to 90% [6]. A high level of accuracy may be achieved by 
using selective injections and subtraction and magnification 
techniques [7]. However, angiography is invasive and, al- 
though sensitive, may be associated with a significant number 
of false-positive examinations [8, 9]. Success rates of as high 
as 97% have been achieved by using pancreatic venous 
sampling [9], but this procedure is also invasive, technically 
difficult, uncomfortable for the patient, time consuming, and 
relatively expensive. The reported success rate of CT for the 
detection of insulinoma ranges from 50% [10-12] to 80% 
[13]. 

The early experience of preoperative localization of insuli- 
nomas with sonography by using static scanners was disap- 
pointing [14, 15]. However, with the greater versatility and 
resolution now available with real-time sonography, better 
results are being reported, with detection rates of 60% [16]. 
Gunther et al. [12] have recommended that sonography be 
used as the first step in locating islet cell tumors. At our 
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Fig. 4.—intraoperative sonogram of 12- 
year-old patient with multiple endocrine 
neoplasia syndrome type 1. 

A, Transverse image of head and neck 
of pancreas demonstrates 0.3-cm hypo- 
echoic insulinoma (arrow). S = saline-filled 
peritoneal cavity; V = superior mesenteric 
vein. 

B, Transverse image of body and tail of 
pancreas demonstates 0.3-cm hypoechoic 
insulinoma (arrow). SV = splenic vein; S = 
saline-filled peritoneal cavity. (Figure re- 
published with permission of Journal of 
Pediatric Surgery [5}). 


institution, sonography is now the first and frequently the only 
imaging procedure used in the preoperative localization of 
insulinomas because it is noninvasive, is relatively inexpen- 
sive, and, when adequate visualization of the pancreas is 
obtained, has a sensitivity of approximately 70% in the detec- 
tion of solitary insulinomas. 

In order to maximize visibility of the pancreas, the exami- 
nation technique must be meticulous. The patient must be 
scanned in various posterior oblique and semiupright posi- 
tions. The left lobe of liver, fluid-filled stomach, gallbladder, 
and spleen (to visualize the tail) should all be used as acoustic 
windows to the pancreas. 

Most insulinomas are hypoechoic in relation to the sur- 
rounding pancreatic parenchyma [17-19]. However, 10% of 
the insulinomas detected in our series were either isoechoic 
or hyperechoic relative to pancreatic parenchyma, perhaps 
because the normal pancreas is less echogenic in younger 
patients than in older ones [20]. All the patients with either 
isoechoic or hyperechoic insulinomas were less than 30 years 
old. Isoechoic insulinomas are difficult to visualize, but the 
presence of a halo around the tumor allows detection. The 
two hyperechoic insulinomas in our series were accompanied 
by refractive shadows that aided their identification. These 
shadows probably result from differences in acoustic prop- 
erties between the insulinoma and adjacent pancreatic paren- 
chyma. Awareness of the range of sonographic appearances 
of insulinomas is important. During the course of learning this 
range of sonographic appearances, we failed to appreciate 
one tumor that was isoechoic until it was identified after 
guidance from the surgeon. 

Almost all solitary insulinomas are visible on intraoperative 
sonography. In our series, 86% were visible without prior 
knowledge of tumor location by palpation. Of the three tumors 
that were not visualized initially, two were visible after guid- 
ance from the surgeon, who could palpate them, and the 
other was in the distal tail of the pancreas, which had not 
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been mobilized and could not be examined. All solitary insu- 
linomas in this series were detected by the combination of 
palpation and intraoperative sonography. Four of the patients 
in our series had solitary insulinomas that were not palpable 
(Fig. 3). Enucleation of the insulinomas in these four patients 
was possible only with sonographic guidance. 

In patients undergoing reoperation for persistent hyperin- 
sulinism, postoperative scarring and fibrosis may make pal- 
pation of the insulinoma more difficult. Intraoperative sonog- 
raphy can be especially helpful in this group of patients. In 
our series, two of six patients with solitary insulinomas and 
previous surgery had tumors that were not palpable but were 
visible with intraoperative sonography. 

Patients with the MEN 1 present a special clinical problem. 
These patients have multiple, small insulinomas with diame- 
ters usually less than 1 cm; preoperative imaging techniques 
rarely demonstrate all the tumors. In our experience, intra- 
operative sonography demonstrated more insulinomas than 
preoperative sonography and detected small intraparenchy- 
mal insulinomas that were not palpable. Some small insuli- 
nomas on the surface of the pancreas, which are easily 
palpable and grossly visible, may not be seen by sonography. 
The combination of careful surgical palpation and a meticulous 
intraoperative sonographic examination seems to detect more 
of the multiple insulinomas than either technique alone. Even 
with this combination of palpation and intraoperative sonog- 
raphy, some small insulinomas may not be identified. The 
best treatment of multiple insulinomas is a subtotal pancrea- 
tectomy, because enucleation of all of the tiny tumors is not 
feasible. In two of the four patients with multiple tumors in 
our series, intraoperative sonography demonstrated nonpal- 
pable tumors in the pancreatic head proximal to the proposed 
resection line. The demonstration of these additional tumors 
influenced the extent of the pancreatectomy performed. 

The first five patients in our series were examined intra- 
operatively with a 5-MHz transducer, and 21 others were 
examined with either a 7.5-MHz or 10-MHz transducer. The 
superior resolution obtainable with the higher frequency trans- 
ducers is important, not only in detecting the tiny tumors, but 
also in displaying with greater ‘clarity the anatomic relation- 
ships of the tumor. This unique ability of intraoperative high- 
frequency sonography to display precisely the relationship of 
the tumor to the pancreatic and common bile ducts and 
pancreatic vessels is at least equally important to the surgeon 
as is its sensitivity of detection. This anatomic information is 
important in deciding between tumor enucleation or more 
extensive pancreatectomy. If the tumor lies away from or 
superficial to the pancreatic or bile duct, a safe enucleation is 
usually possible. If the tumor lies near or contiguous with the 
pancreatic or bile duct, this information may influence the 
method of enucleation or decision to proceed with pancre- 
atectomy. Such precise localization may decrease the inci- 
dence of postoperative pancreatic fistulas. If the preoperative 
localizing studies are positive, we still use intraoperative so- 
nography to display duct and vascular relationships, and to 
exclude additional occult insulinomas. 

Ciose cooperation between the surgeon and the radiologist, 
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maximizes the potential of intraoperative high-frequency so- 
nography. In our practice, the radiologist “scrubs” for the 
procedure. The input of the radiologist is crucial because 
sonographic-imaging experience is necessary to appreciate 
subtle changes in echo texture, halo, and refractive shadow 
that may be the only signs of the insulinoma. In addition, 
familiarity with scanning in multiple planes of section, acquired 
from daily practice of sonography, is important in displaying 
the exact relationship of the tumor to ductal and vascular 
structures. 

In conclusion, preoperative real-time sonography of the 
pancreas can localize 63% of solitary insulinomas. The pro- 
cedure is noninvasive and relatively inexpensive, and it should 
be the first imaging technique used in patients with insuli- 
noma. In our study, intraoperative high-frequency sonography 
detected 86% of solitary insulinomas, including tumors that 
are not palpable. We believe that almost all solitary insulino- 
mas can be detected by the combined use of careful palpation 
and carefully performed high-frequency sonography. In addi- 
tion, high-frequency sonography can precisely demonstrate 
the relationship of the insulinomas to the pancreatic and bile 
ducts and can thereby facilitate removal. 
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Case Report 








Spontaneous Rupture of a Pancreatic Pseudocyst into the 
Portal Venous System 


Tetsuo Takayama,’ Katsumoto Kato,” Hiroshi Sano,* Naoyuki Katada,” and Masayuki Takeichi? 


Spontaneous rupture of pancreatic pseudocyst into the 
portal venous system is a rare but serious complication of 
chronic pancreatitis [1]. We previously reported one case in 
which the pancreatic pseudocyst spontaneously ruptured into 
the splenic vein [2]. In this report we illustrate the radiologic 
findings of spontaneous rupture of a pseudocyst into the 
portal venous system in two additional cases. 


Case Reports 
Case 7 


An 82-year-old aicoholic man was admitted with cough and pain 
of the left hemithorax. Hematologic examination revealed hypo- 
chromic and microcytic anemia (RBC: 291 x 10*/mm*; hemoglobin: 
9.8 g/100 mi). Fecal occult blood was highly positive (guaiac method). 
Serum amylase, lipase, and trypsin were ail elevated: 1780 U/100 mi 
(normal value 160 U/100 mi), 5.9 U/100 ml (normal 1.5 U/100 ml), 
and 960 ng/mi (radioimmunoassay, normal 443 ng/ml), respectively. 
A chest radiograph showed a large left pleural effusion. Thoracocen- 
tesis revealed dark brown fluid rich in amylase (10,290 U/100 ml) and 
protein (3.6 g/100 mi). 

A CT scan demonstrated several calcifications in the body of the 
pancreas and a solitary cyst in the tail. Sonograms showed dilatation 
of the main pancreatic duct. Celiac angiography revealed extremely 
dilated and tortuous branches of the hepatic artery, as well as 
obstruction of the splenic vein with filling of many collateral vessels. 
An ultrasonically guided percutaneous pancreatic ductogram revealed 
an irregularly shaped solitary cyst in the tail of the gland (Fig. 1). 
Contrast medium flowed from the cyst into the main pancreatic duct 
and spienic vein and into the left pleural cavity. The splenic vein was 
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obstructed proximally and distally. These findings were verified by a 
CT scan made after the ductogram. The patient died of renal insuffi- 
ciency 42 days after admission. Autopsy was refused. 


Case 2 


A 52-year-old alcoholic man was admitted to the hospital with mild 
epigastric pain and slight tenderness in the region. Hematological 
examination showed hypochromic and microcytic anemia (RBC: 292 
x 10*/mm%, Hb: 9.0 g/100 ml). Serum amylase, lipase, and trypsin 
were all elevated: 972 Caraway U/100 ml with dominant pancreatic 
type (89%), 36 Cherry-Crandall U/100 ml, and 1217 ng/ml. (radio- 
immunoassay), respectively. The abdominal pain subsided on the day 
after admission, but serum enzymes were persistently elevated. A 
guaiac test for occult blood in the stool was highly positive. A CT 
scan and sonogram revealed ascites and multiple cystic lesions in 
the pancreatic head. 

An ultrasonically guided percutaneous pancreatic ductogram 
showed the cyst filling (Fig. 2). Percutaneous transhepatic portogra- 
phy showed the filling of the cyst and the portal vein, then the main 
pancreatic duct, and finally the duodenum. Amylase concentration in 
the dark brown fluid aspirated from the portal vein was extremely 
high (33,700 Caraway U/100 ml). On CT of the abdomen made just 
after this examination, the portal vein, cyst, and main pancreatic duct 
were all clearly shown. Percutaneous splenoportography demon- 
strated abrupt obstruction of the splenic vein around the head of the 
pancreas and dilated tortuous collateral veins running to the distal 
part of the portal vein. 

At surgery, the pancreas was hard and many large collateral veins 
were present. After a simple drainage of ascites to the exterior, serum 
amylase gradually returned to normal. The patient was discharged 3 
months after his admission, and he has done well. 
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Discussion 


Ultrasonically guided percutaneous transhepatic portogra- 
phy, splenoportography, and pancreatic ductography are val- 
uable techniques to detect both communication of the portal 
venous system with pancreatic cyst and the occluded part of 
the system. Extremely high amylase level in the dark brown 
fluid aspirated from the portal venous system can provide 
further evidence for the rupture of the cyst into it. 

Spontaneous rupture of the pancreatic cyst has been re- 
ported in about 5% of patients with pancreatic cyst secondary 
to pancreatitis [3]; once the cyst ruptures into the portal 
venous system, thrombosis of the veins occurs. 

In the present cases and the one reported previously [2], 
the proximal part of the portal vein was completely ob- 
structed. Both obstruction of the portal vein and communi- 
cation of the cyst with the splenic vein could be thoroughly 
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Fig. 1.—Case 1. A, Sonographically 
guided percutaneous pancreatic duc- 
tography. Dilated main pancreatic duct 
(MPD, arrows), cyst in tail of pancreas, 
splenic vein (SV, arrowheads), and fis- 
tula into pleural cavity, which filled with 
contrast medium in that order. 

B, CT scan immediately after A. Con- 
trast medium was retained in splenic 
vein (arrowheads), main pancreatic 
duct (arrow), and pancreatic cyst (C). 


Fig. 2.—Case 2. A, Sonographically 
guided percutaneous transhepatic por- 
togram. Contrast medium drained from 
portal vein (PV) into duodenum through 
cyst and main pancreatic duct (MPD). 

B, CT scan immediately after A. Con- 
trast medium was retained in cyst (ar- 
row) and main pancreatic duct (arrow- 
head). 


demonstrated by sonographically guided examinations, in- 
cluding pancreatic ductography. 
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Retractile Mesenteritis 
Involving the Colon: Barium 
Enema, Sonographic, and CT Findings 





Retractile mesenteritis is a rare disorder characterized by either focal or diffuse 
thickening of the mesentery due to chronic inflammation and fibrosis. Six cases are 
reported in which stenosis of the colon, an uncommon complication of retractile mes- 
enteritis, was the predominant radiologic finding. Diagnosis was suggested by the 
tapered, serrated appearance of the stenotic segment on barium enema complemented 
by the findings on sonography and CT. 


Retractile mesenteritis is one of several terms that describe benign, tumorlike 
mesenteric lesions formed as a result of the chronic inflammation of adipose and 
fibrous tissue [1]. This disorder mainly affects the small bowel [2-4], with colonic 
involvement occurring less frequently [5-9]. We present six cases in which involve- 
ment of the colon was the major finding. 


Materials and Methods 


Three men and three women, 29 to 74 years old, were hospitalized with diffuse or localized 
abdominal pain of variable duration (4 days to 5 months). An abdominal mass was present in 
two patients. Three others had signs of complete intestinal obstruction. Two of the women 
had previous abdominal surgery, one for an inflammatory pelvic process of obscure etiology 
and the other for leiomyomas of the uterus. 

All patients had plain abdominal radiographs as well as a barium enema examination, three 
had sonography, one had excretory urography, one had a small-bowel examination and CT, 
and one had a colonoscopy. 


Results 


Plain abdominal radiographs suggested mechanical obstruction of the colon in 
three patients and were normal in the other three. Barium enema examination 
showed a concentric stricture with tapered, serrated edges (Figs. 1, 2A, and 3) in 
all but one patient (Fig. 4). The length of the narrowed segment was 4-18 cm. 
Double-contrast barium enema examination in two of the cases disclosed a normal 
mucosa (Fig. 5A). The transverse, descending, and rectosigmoid colon were each 
affected in two cases. Results of sonography varied from an irregularly shaped 
hypoechoic area to a hyperechoic mass with central hypoechoic areas (Fig. 2B). 
Excretory urography performed in one patient revealed a smooth, extrinsic 
compression of the bladder. A small-bowel examination in another patient showed 
separation of the intestinal loops with tethered contours (Fig. 5B). CT performed in 
the same patient showed an epigastric mass, the density of which suggested fat 
interspersed with streaky soft tissue and some calcification (Figs. 5C and 5D). 

All patients underwent surgery. Only one patient was evaluated by colonoscopy 
before laparotomy. This examination revealed an intact mucosa, which appeared 
elevated in the area of the obstruction. Four patients had radical resections beeause 
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Fig. 1.—74-year-old man complaining of ab- 
dominal pain and constipation. Barium enema 
shows stricture with nonabrupt edges in de- 
scending colon. 





malignant disease was suspected at laparotomy. Two pa- 
tients had conservative surgery because retractile mesenter- 
itis was suspected and confirmed by histologic studies. 


Discussion 


Retractile mesenteritis represents the final stage of a series 
of inflammatory changes affecting the mesentery. These 
changes result from a common reparative process arising 
from various causes [10-12]. The disorder is more common 
in males and has been described at various ages, but not in 
children younger than 8 years old. 

Histologically, the lesions are composed of fibrous tissue, 
lipophages, lymphocytes, plasma cells, and eosinophils. 
These lesions involve the mesenteric and subserosal fat, and 
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Fig. 2.—57-year-old woman with low-grade fever and pain in right lower quadrant. 
A, Barium enema shows concentric stricture of rectosigmoid colon with tapering edges and serration. 
B, Pelvic sonogram shows solid mass (arrows) with central hypoechoic areas. 


Fig. 3.—47-year-old woman with constipation 
and diffuse abdominal pain. Barium enema 
shows concentric stricture in sigmoid colon with 
tapered, serrated edges. 


Fig. 4.—52-year-old man with high fever and 
acute abdominal pain in left flank. Barium enema 
shows narrowing of descending colon. Ra- 
diograph was made after glucagon administra- 
tion. 


often extend into the bowel muscle and submucosa. The 
mucosa remains intact. Partial or complete obstruction of the 
small bowel may complicate the course [2-4, 12, 13]. An 
abdominal mass, suggesting a tumor, is frequently palpable. 

Retractile mesenteritis has been described in association 
with lymphoma [13, 14], Gardner's syndrome [15], and ret- 
roperitoneal fibrosis. The simultaneous occurrence of retrac- 
tile mesenteritis and retroperitoneal fibrosis has led to the 
hypothesis that these entities are different expressions of the 
same process [11, 14, 16-18]. 

Radiologic signs of retractile mesenteritis include separa- 
tion of the intestinal loops (mass effect); kinking or angulation 
of the small intestine [2, 3]; and, more rarely, narrowing of 
the colon [5, 8, 9]. Narrowing of the colon, however, was the 
predominant finding in our cases. Barium enema showed a 
concentric stricture with tapered edges in all but one case. 
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Fig. 5.—37-year-old woman with pain in left 
upper quadrant. 

A, Barium enema shows narrowing of trans- 
verse colon. 

B, Small-bowel examination shows separation 
of intestinal loops with tethered contours. 

C, CT scan of upper abdomen shows hetero- 
geneous mass (arrows) with fat density alter- 
nating with linear soft-tissue densities. 

D, Different CT section shows calcifications 
within mass (arrow). 


The colonic mucosa was unaltered in the patients studied 
with double contrast. The margin of the colon was serrated, 
an appearance attributed to the existence of either fibrotic 
implants on the serosal side of the intestinal wall or venous 
congestion [8, 9]. 

Differential diagnosis of narrowing of the colon as seen on 
barium enema includes inflammatory, neoplastic, and is- 
chemic diseases of the colon. Localized abscesses caused 
by diverticulitis are leading causes of colonic obstruction in 
areas where diverticulosis is endemic. The strictures caused 
by diverticulitis tend to be more eccentric, however, in con- 
trast with the rather concentric strictures seen with retractile 
mesenteritis. Annular carcinoma of the colon is less likely in 
the presence of a stricture with tapered edges and normal 
mucosa. No definitive differences are shown on barium enema 
between retractile mesenteritis and the rare variant of scir- 
rhous carcinoma and the segmental colonic encasement 
caused by metastatic involvement. Ischemia of the colon must 
also be considered in the differential diagnosis, although the 
patient's age and clinical presentation are usually helpful to 
establish a distinction. 

The sonographic characteristics of retractile mesenteritis 
have seldom been described [5, 19, 20]. Both our findings 
and those previously reported suggest that this examination 
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is inconclusive for the diagnosis of retractile mesenteritis, 
although sonography narrows the possibilities substantially. 
Sonographic findings similar to those found in our patients 
can be seen in liposarcoma, leiomyosarcoma, teratoma, ab- 
scesses, and hematoma. 

CT examination was performed in only one of our patients, 
revealing a mass of fat density interspersed with soft-tissue 
density and calcifications. Pathologic examination showed 
that fibrous tracts were responsible for the soft-tissue density. 
Because the lesions of retractile mesenteritis contain a vari- 
able proportion of fat and fibrous tissue, it is likely that the 
CT findings vary according to this proportion. A similarly 
variable appearance can be found in angiomyolipoma, lipo- 
sarcoma, myelolipoma, and teratoma [21]. 

Even if sonographic and CT examination are nonspecific 
for retractile mesenteritis, we believe that both diagnostic 
procedures are indicated when narrowing of the colon with 
characteristics similar to those described in our patients is 
found. Both procedures complement the findings of the bar- 
ium enema and colonoscopy, corroborate the benign appear- 
ance of the lesion, and help to establish its extension and the 
secondary involvement of adjacent organs. Furthermore, they 
may serve as a reference to evaluate the response to medical 
[20, 22] or surgical therapy. 
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CT Diagnosis of Primary Small-Bowel Volvulus 


Diego Jaramillo' and Bharat Raval 


Voivulus of the small bowel can either be primary or sec- 
ondary to conditions such as malrotation, congenital bands, 
postoperative adhesions, tumors, intussusception, colos- 
tomy, or internal hernias [1]. To the best of our knowledge, 
the CT appearance of primary small-bowel volvulus has not 
been reported. In the following case, CT played the major role 
in preoperative diagnosis. A characteristic CT appearance 


consists of multipie dilated intestinal loops with edematous 


mesenteric folds converging radially toward the site of torsion. 


Case Report 


A 31-year-old black man presented with a 24-hr history of pro- 
gressive dull epigastric pain, nausea, and vomiting. The past medical 
history was not significant, and the patient had not undergone any 
previous surgery. 

Physical examination revealed tenderness to deep palpation in the 
epigastric area and markedly decreased bowel sounds. An abdominal 
series showed a nonspecific bowel gas pattern without evidence of 
obstruction or pneumoperitoneum. Because an abdominal sonogram 
18 hr after admission suggested enlargement of the pancreatic head, 


a CT of the abdomen was performed. This study showed no pan- 


creatic abnormalities, but demonstrated multiple distended small- 
bowel loops anterior to the left Jobe of the liver, distributed radially, 
with marked edema of the mesentery and thickening of the bowel 
wall (Fig. 1). Intramural gas was present in some of the loops. 

Scanning in the left lateral decubitus position confirmed the pres- 
ence of pneumatosis intestinalis and also demonstrated a fixed, radial 
arrangement of the involved intestinal loops (Fig. 2). The correspond- 
ing portions of the swollen mesentery converged toward a common 
point (Fig. 3). Ascites was also noted. 

An upright radiograph of the abdomen after the CT examination 
showed a conglomerate of multiple distended, partially fluid-filled 
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smaill-bowel loops clustered in the upper abdomen. Pneumatosis 
intestinalis could not be demonstrated. 

Twenty-four hours after his admission, the patient developed me- 
lena and signs of peritoneal irritation..An exploratory laparotomy 
revealed a primary volvulus involving 90 cm of smail intestine, ap- 
proximately 60 cm proximal to the ileocecal valve. The rest of the 
intestine was normal and, except for ascites, no other intraperitoneal 
abnormalities or anomalies predisposing to'small-bowel volvulus were 
present. The necrotic segment of the intestine was resected, and the 
uninvolved portions were anastomosed. Microscopic examination of 
the specimen revealed necrosis of the entire thickness of the wall 
with hemorrhage and inflammation. The postoperative course was 
uneventful, and the patient was discharged 1 week later. 


Discussion 


Primary small-bowel volvulus is a common surgical problem 
in young males in countries of the Middle East, Asia, and 
Africa [1]. Dietary habits and abnormalities in the length and 
height of the mesentery have been implicated in its develop- 
ment. Although: there. are often few symptoms and signs [1, 
2|, the development of constant pain suggests infarction. The 
radiologic findings, and specifically the CT picture, represent 
a summation of (1) venous and lymphatic obstruction, (2) 
arterial obstruction and infarction, (3) closéd-loop obstruction, 
(4) abnormal location of intestinal loops, and (5) twisting of 
the mesenteric root. 

Venous and lymphatic obstruction with thickening of the 
bowel wall, separation of bowel loops, blunting of the valvulae 
conniventes, and thumbprinting are better demonstrated on 
CT than on plain films [3]. Furthermore, CT shows the mes- 
enteric edema that is a dominant element of venous occlusion - 
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Fig. 1.—CT scan of upper abdomen demon- 
strates conglomerate of distended small-bowel 
(curved arrows) anterior to left lobe of liver (L) 
and stomach (S). Pneumatosis intestinalis and 
thickening of bowel wall also noted. 


of liver; S = stomach. 


[4]. Arterial obstruction and infarction are indicated by thumb- 
printing, pneumatosis intestinalis, and gas in the portal venous 
system. Gas in the mesenteric veins in the absence of portal 
venous gas has also been described with isolated arterial 
infarction on CT [3]. 

Closed-loop obstruction can be seen on CT as marked 
dilation of the involved intestinal segment without significant 
abnormalities of either the proximal or distal bowel [5]. Fixa- 
tion of bowel loops, a characteristic finding of closed-loop 
obstruction, was demonstrated in our case by scanning in the 
supine and lateral decubitus positions (Fig. 2). 

Intestinal loops in an abnormal location are detected after 
the initial torsion because portions of the uninvolved proximal 
bowel are trapped under the twisted mesentery, analogous 
to an internal hernia. In our case, the predominant conglom- 
erate of bowel loops was seen anterior to the liver, where 
neither normal small intestine nor internal hernias are found. 

The rotation of the mesentery, which can be demonstrated 
with barium [6] and angiography [7], has been described on 
CT as the “whirl sign” [6, 8]. In the present case, the fixed 
radial arrangement of dilated bowel loops with their edema- 


Fig. 2.—CT scan in left lateral decubitus posi- 
tion shows fixed distended bowel loops. Gas in 
intestinal wall again noted (arrows). L = left lobe 


Fig. 3.—CT scan shows edematous mesen- 
teric folds converging toward point of torsion 
(arrow). 


tous mesenteric folds converging toward the point of torsion 
strongly suggests volvulus. 
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Gaucher’s Disease Type 1: 
Assessment of Bone Involvement by 
CT and Scintigraphy 





The effectiveness of CT and technetium-99m sulfur colloid ("Tc SC) bone-marrow 
scans in determining the extent and severity of skeletal involvement in 23 patients with 
type 1 Gaucher’s disease was compared with the effectiveness of conventional radi- 
ographic techniques and technetium-99m methylene diphosphonate (°°"Tc MDP) bone 
scintigrams. Density measurements obtained by CT proved sensitive in differentiating 
normal marrow (—50 to —120 H). Scintigrams with the sulfur colloid nuclide demonstrated 
three distinct patterns of uptake: (1) peripheral expansion of normal marrow (profile B), 
(2) greater marrow expansion with patchy areas lacking uptake (profile C), and (3) 
greater loss of uptake with retention of the nuclide in other reticuloendothelial organs 
and circulation (profile D). CT scans provided greater sensitivity in resolving the extent 
of marrow involvement in affected areas, while the “"Tc SC scintigrams were more 
effective in overall assessment of the severity of bone-marrow involvement. Both 
conventional radiographic techniques and "Te MDP bone scans were useful primarily 
as screening procedures or for evaluating specific involved areas. "Tc MDP scans 
were useful in evaluating regional defects (i.e., ischemic necrosis) in certain cases, but 
no consistent patterns were observed. CT and *"Tc SC scans are useful for determining 
the extent and severity of Gaucher’s disease involvement of bone marrow. 


Type 1 Gaucher’s disease, the most prevalent genetic disease among Ashkenazi 
Jews, is characterized by the deficient activity of the lysosomal hydrolase, acid £- 
glucosidase [1, 2]. On the basis of gene frequency in this population, it is estimated 
that about 5000 to 10,000 Jews in the United States are afflicted by this disease 
[3]. Its clinical manifestations result from abnormal accumulation of the enzyme’s 
major substrate, glucosyl ceramide, primarily in reticuloendothelial cells of the liver, 
spleen, and bone marrow [3, 4]. The progressive infiltration and replacement of the 
bone marrow by “Gaucher cells” (lipid-filled macrophages) lead sequentially to 
diffuse osteoporosis, localized destruction, ischemic necrosis, osteosclerosis, and 
other bony abnormalities (see Table 1) [3-6]. 

The marked variability in severity of the disease’s manifestations makes it 
particularly difficult to predict the future course and complications for individual 
patients. In some, the bony involvement is severely debilitating or crippling [3-6]. 
Although variability in bone-disease severity has made medical and orthopedic 
management decisions difficult, no clinical or biochemical predictors have been 
identified for the rate of progression or future severity of the disease process [7]. 
Moreover, the extent and severity of the skeletal involvement is often difficult to 
assess by clinical and radiographic examinations [5-7]. To date, no one has 
reported using CT for evaluating skeletal involvement; scintigraphic studies have 
suggested an association between extent of bone-marrow involvement and the 
severity of radiographically evident bone disease [8]. 

Because the skeletal manifestations are the most debilitating and disabling 
complications of Gaucher's disease, we undertook an investigation to determine 
the value of CT scans and scintigraphy to estimate the extent of bone marrow 
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TABLE 1: Radiologic Stages of the Skeletal Lesions in Type 1 Gaucher’s Disease 








Appearance 





Coarse trabecular pattern of osteoporosis 
Loss of normal concavity above femoral condyles; Erlenmeyer flask deformity 
Small erosions, well defined or moth eaten; cortex rarefied and endosteally 


notched; ground-glass veiling 


Stage Nature of Lesion 

1 Diffuse osteoporosis 

2 Medullary expansion 

3 Localized destruction (osteolysis) 

4 Ischemic necrosis of long bones; scle- 
rosis; osteitis 

5 Diffuse destruction; epipheseal collapse: 
osteoarthrosis 


Patchy densities and erosions; serpiginous sclerotic streaks; layered periosti- 
tis; sequestra 

Flattening or irregular destruction of femoral heads, with mixed lytic and 
sclerotic foci; larger “soap bubble” pattern 





involvement [9, 10]. We evaluated the results of radionuclide 
marrow (technetium-99m sulfur colloid [°°"Tc SC]) and bone 
scintigraphy (technetium-99m methylene diphosphonate 
[°°"Tc MDP]) in conjunction with CT scans to assess the 
extent and severity of the variable bony disease in patients 
with Gaucher's disease type 1. 


Subjects and Methods 
Patient Population 


Twenty-three patients (5-70 years old; 14 male, nine female) with 
Clinically and biochemically documented Gaucher's disease type 1 
were admitted to the General Clinical Research Center for evaluation. 
Their skeletal disease ranged from minimal to severe. Informed 
consent for these studies was obtained from all patients or their 
parents, and assent was obtained from children over the age of 16 
years, in accordance with guidelines of our institution and of the 
U. S. Department of Health and Human Services. 


CT Scans 


CT scans were performed for 9.6 sec with a GE 8800 scanner. 
The femora, tibiae, and pelvis were chosen for detailed analyses: 10- 
mm slices were evaluated from the level of the midpelvis through the 
hips, and from the upper, middle, and lower thirds of the femurs and 
tibiae. Density measurements (Hounsfield units) of the long-bone 
medullary cavities were determined. Because the medullary cavities 
were heterogenous in cross-sectional density, the largest possible 
area was used for each measurement, carefully avoiding the cortex. 
The size of the region of interest varied according to the diameter of 
the medullary cavity at each level; a slice averaging 0.29 cm? was 
scanned (see Fig. 1 for a typical normal cross-section with negative 
attenuation coefficient). Each region of interest (Fig. 2A) in the ex- 
tremities was rated as positive or negative according to the deter- 
mined mean density. 


Scintigraphy 


Bone-marrow scintigraphy was performed 20-30 min after IV 
administration of "Tc SC (10 mCi), by using a wide-field-of-view 
gamma camera and a low-energy, all-purpose, parallel-hole collima- 
tor. Images of the lower extremities were acquired for the same time 
interval as needed to acquire 300,000 counts of the anterior pelvis 
while excluding the liver and spleen from the field. Similarly, routine 
skeletal scintigraphy was performed at least 2 hr after IV administra- 
tion of 20 mCi (740 MBq) of ®Tc MDP. Skeletal images were 
obtained during the time required to acquire a 1,600,000-count 
anterior chest image. 





Fig. 1.—Cross section at level of upper thigh. Marrow cavity shows 
negative attenuation coefficient —29 H. Normal density. 


Results 


The results of the radiographic studies and CT and °°"Tc 
SC scans are shown in Table 2. The scoring systems were 
developed to correlate various images with the radiographic 
findings. With CT and *°"Tc SC, the degree of involvement of 
the lower extremities was symmetric; therefore, the CT re- 
sults in Table 2 are those of the right lower extremity with 
"Tc SC, and the scintigrams from both lower extremities 
were used in the scoring system. Because the lower extremity 
was most consistently and severely involved, studies were 
restricted to this area [11]. 


Radiographic Studies 


The radiographic severity of the lower-extremity bone dis- 
ease was Classified on a scale from 0 to 5, (minimal to most 
severe, see Tables 1 and 2). The lower-extremity radiographs 
were normal in four patients. 


CT Scans 


The results of the CT scans were classified according to 
the patterns of positive (abnormal) or negative (normal) atten- 
uation coefficients (Table 2). In the femora and tibiae, each of 
the six scanned areas with a positive attenuation coefficient 
was assigned a value of 1. The sum of the positive areas 
provided the numeric score. Compared with the negative 
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Fig. 2.—A, Radiographs and CT den- 
sity measurements, B, **"Tc sulfur col- 
loid scintigram, and C, **"Tc methylene 
diphosphonate scintigram from a 32- 
year-old woman with Gaucher’s dis- 
ease. Horizontal white lines in A repre- 
sent the six levels at which CT density 
measurements (Hounsfield units) were 
obtained. **"Tc sulfur colloid scintigra- 
phy (B) was representative of profile C 
with nonuniform bone marrow expan- 
sion. "Tc methylene diphosphonate 
scintigram (C) demonstrates nonspe- 
cific increased uptake in long bones. 





TABLE 2: Correlation of CT and MS Findings in Various Skeletal Regions in 23 Homozygotes with Gaucher’s Disease Type 1 

















Radi Overall Proximal Distal Proximal =e Distal 
— Cóndor aed ee Score Femur E Femur Tibia oi Tibia 
Stage? MS CT CT MS CT MS CT MS CT MS CT MS CT MS 
1 M 5 4 D 6 ~ — + - + — + am ca si n = 
2 M 5 2 B 6 + + + + + + + + > ~ + + 
3 M 6 0-1 B 4 + + + + + + + + — + — 
4 M 15 2 B 4 + + + + + + + + — - - 
5 F 19 0 B 0 — + — + _ + — + — — — 
6 M 23 5 C 6 + + + + + + + + + = : - 
7 F 25 4-5 B 6 + + + + + + + + + + + + 
8 M 28 0 B 6 + + + + + ~ + + + + + J 
9 M 29 5 D 6 + — + — + — + — + m } ži 
10 F 29 3 D 4 + = + = $ = + a = 
11 F 33 4 C 6 + + + + + + + + + + + — 
12 F 36 0 C 4 + + + = + B = + $ + = a 
13 F 36 5 C 6 + + $ + + + > + + + + 
14 F 41 2-3 C 5 + + + - + — + + + — — 
19 M 42 4 D 6 + — + — + + + + + + + + 
16 M 43 4 D 4 + — + - + - + + — a 
17 F 45 3 B 5 + + + + + + + + + + - 
18 F 48 4 B 2 + + + + = = — — = - = 
19 M 54 3 B 3 + + + + + — -— + = aj: - 
20 M 52 0 B 2 + 4 aa + — = =- m = Z 
21 M 55 9 D 6 + — + - + _ + - q - = 
22 M 65 3 C 3 =- - = = + ~ + — + = 
23 M 70 4 C 3 - — + — + — + — — : = 





Note.—Radiographic stage assessed by criteria in Table 1. MS = “Tc sulfur colloid; profile A = normal bone marrow scan (not observed 
in any Gaucher's disease patient); B = uniform peripheral expansion; C = nonuniform pattern; D = almost total absence of uptake; + = positive 
finding, — = negative finding (see text for details). 
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attenuation coefficient of normal bone marrow [9], abnormally 
high intramedullary attenuation coefficients were observed in 
the marrow of the Gaucher’s patients. For example, in 10 
cases, the entire length of femur and tibia had positive atten- 
uation coefficients (score = 6), while four cases had positive 
values throughout the femur and in only the proximal third of 
the tibia (score = 4). The density measurements of the marrow 
in these patients varied in degree and extent, usually ranging 
from +15 to +80 H. However, in areas of previous infarction, 
the attenuation coefficients attained values up to +200 H 
(Fig. 2A). 

Three of the four patients (Table 2) with normal radiographs 
had CT evidence of Gaucher’s marrow involvement in the 
lower extremity. Only one patient (case 5) had normal CT 
scan and radiographic findings. 


Te SC Marrow Scintigraphy 


The *’"Tc SC images were obtained to evaluate the distri- 
bution of reticuloendothelial cells in the bone marrow. Images 
were classified as positive or negative, depending on the 
uptake of sulfur colloid in the region of interest. The normal 
scan (Fig. 3A), which had uptake only in the proximal femur 
(profile A), was not observed. The images showed three 
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Fig. 3.—*™Tc SC marrow scans 
from representative normal person (A) 
and Gaucher’s disease patients (B, C). 
Profile B has uniform marrow expan- 
sion to distal femora (B). Profile C has 
nonuniform marrow expansion (see 
Fig. 2B). Profile D has total lack of mar- 
row uptake or, as shown in C, residual 
marrow uptake near knees, but lack of 
pelvic and other lower-extremity mar- 
row uptake, with persistence of "Tc 
sulfur colloid in vessels. 








profiles of increasingly abnormal uptake patterns (Table 2). 
Profile B (Fig. 3B), observed in 10 patients, was a pattern of 
bone marrow expansion with a uniformly dense uptake. In 
some patients, peripheral bone-marrow expansion was ex- 
tensive and involved the feet. Profile C (Fig. 2B), observed in 
seven patients, was a pattern of bone-marrow expansion that 
was mixed in distribution and density; that is, areas of uptake 
were flanked by regions without uptake. Profile D (Fig. 3C), 
observed in six patients, showed almost total absence of 
*°™Tc¢ SC uptake by the marrow, or isolated uptake in the 
midshaft of the femur or tibia. In four of these patients, the 
radionuclide was retained primarily in the vascular pool with 
concomitant extra uptake of marrow-reticuloendothelial cells 
in lymph nodes, lungs, liver, and spleen (Fig. 3C). Because all 
patients had normal ECGs, echocardiographs, and ejection 
fractions, the vascular pattern was attributed to severely 
compromised marrow-reticuloendothelial function rather than 
slow circulation times. 


Correlation of CT and °°"Tc SC Scans 


The results of both the CT and "Tc SC scans were 
required to describe completely the degree of involvement 
(see Table 2). For example, cases 4, 5, and 18 had extension 


y~ 
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of bone-marrow activity throughout the femur (profile B). 
However, their CT scans indicated normal measurements in 
case 5, while cases 4 and 18 had abnormal density extending 
to the midfemur and proximal tibia, respectively, demonstrat- 
ing that the marrow was more extensively involved although 
the reticuloendothelial function was still intact. 

In addition, CT for cases 1 and 13 showed involvement of 
the entire lower extremity. Case 1 had no marrow uptake on 
the "Tc SC scans (profile D}, while case 13 had nonuniform 
uptake of the imaging agent throughout the extremity (profile 
C). Different patterns of bone-marrow uptake activity had 
been assessed as identical degrees of involvement by CT 
density measurements. 


Correlation of CT and °°"Te SC Scans with Bone 
Radiographs 


The degree of radiographic abnormality, scored by the 
criteria in Table 1, was correlated with the severity of bone- 
marrow disease determined bythe CT and "Tc SC scans. 
However, scanning procedures provided greater sensitivity to 
the extent of bone involvement within and among the different 
radiographic stages (Table 2). Only in case 18 did the radi- 
ographic score contradict the severity assessed by the CT 
and *"Tc SC scans. The radiographic abnormalities in this 
patient were confined to destruction of femoral heads and 
acetabuli; these abnormalities may have been related to asep- 
tic necrosis induced by high-dose prednisone therapy for 
thrombocytopenia several years earlier. 


"Tc MDP Bone Scintigraphy 


The "Tc MDP bone images in the Gaucher’s patients 
were variable, and the pattern of uptake did not indicate the 
severity of bony involvement assessed by CT and *™Tc SC 
scans. Although some scans showed regional defects (e.g., 
ischemic infarction) in particular patients, we observed no 
discernible patterns that permitted development of a scoring 
system for the degree of involvement (Fig. 2C). Fifteen pa- 
tients had abnormal °°"Tc MDP bone scans, and eight had 
normal studies. In one patient (case 22), Paget's disease was 
observed in the right hip. In the 15 abnormal scans, the 
regional defects also appeared on conventional radiographs. 


Discussion 


Most patients with type | Gaucher s disease present clinical 
or radiographic evidence of infiltrative bone disease. To de- 
velop more sensitive methods for evaluating presence, extent, 
and severity of the bony involvement, we compared the "Tc 
MDP, "Tc SC, and CT scans, as well as conventional 
radiographic studies, of 23 patients. We found that the com- 
bined CT and *°"Tc SC scans provided more subtle gradua- 
tions of skeletal involvement and suggested a hypothesis of 
sequential progression of bone disease in Gaucher's disease. 

The classification system was developed independently of 
the radiographic scheme and provided greater delineation of 
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bone-disease severity within each radiographic group. CT and 
*™Tc¢ scans showed that some patients with minimal-to- 
moderate radiographic evidence of bone disease actually had 
extensive abnormalities (case 14). Even for patients in radi- 
ographic classes 4 and 5, with severe bone disease, the CT 
and "Tc SC scans indicated at least four separate patterns 
of involvement. Several patients with normal radiographic 
studies were found to have obvious involvement when eval- 
uated by CT. 

Although both CT and **"Tc SC were required for most 
effective evaluation of bone involvement, each scan provided 
specific information. The CT scans were useful in assessing 
specific skeletal regions, as well as in delineating the extent 
of the bone-marrow disease. For example, evaluation of nine 
hips in eight patients before prosthetic hip replacement pro- 
vided the opportunity to correlate the CT scan results with 
gross marrow disease. In seven of the femora, the transition 
from positive to negative attenuation coefficients by CT scan 
correlated with the juncture between overtly abnormal bone 
marrow and grossly normal-appearing bone marrow. In the 
two other patients, entire femoral marrows were involved on 
CT and by anatomic inspection. This information has proved 
useful for tailoring prosthetic implants for these patients to 
enhance the durability of their reconstructed hips. Thus, pa- 
tients undergoing prosthetic hip replacements should have 
pelvic and femoral CT scans to determine the extent of 
involvement in the supraacetabular area and femoral shaft. 

The *"Tc SC scans provided assessments of regional and 
total bony invoivement of the disease process. The extent of 
marrow involvement correlated directly with the radiographic 
and clinical severity of the bony disease (i.e., peripheral mar- 
row extension alone was associated with minimal-to-mild 
radiographic and clinical bone disease, while increasing loss, 
whether discrete or generalized, of nuclide uptake by periph- 
eral marrow was related directly to more extensive bone 
disease). The most severely involved patients showed an 
almost total absence of "Te SC uptake. The CT scan 
provided further classification of the degree of involvement in 
these patients. “Tc SC scan images may be most useful if 
baseline data is available, preferably from studies performed 
early in life, before development of significant bone involve- 
ment. Sequential “Tc SC images presumably should dem- 
onstrate the progressive rate of bone-marrow involvement, 
particularly in presymptomatic patients, and may provide a 
basis for estimating the rate of progression. "Te MDP scans 
provided little additional information about the general extent 
of bony involvement compared to routine radiographs, except 
for the investigation of bone pain and possible avascular 
necrosis. 

The exact pathophysiologic events that cause the patterns 
observed on CT and *’"Tc SC scans have not been explained, 
but it is tempting to speculate on correlation between the 
degree of scan abnormalities and the natural history of bone 
involvement in Gaucher’s disease. The progressive infiltration 
and replacement of normal marrow elements by Gaucher cells 
result in an increased reticulum (surrounding individual 
Gaucher cells) that acts as a space-occupying lesion, leading 
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to vascular compromise and increased intramedullary pres- 
sure followed by marrow necrosis and fibrosis [11, 12]. 

The profiles observed with ®™Te SC corresponded to in- 
creasing levels of disease. Profile A (normal) may represent 
with an early stage of marrow infiltration by small numbers of 
Gaucher cells. Profile B suggests an increased Gaucher-cell 
mass coincident with greater °°"Tc SC uptake in the marrow 
space. Presumably, the marrow expansion represents a com- 
pensatory response to increased marrow infiltration by 
Gaucher cells or a secondary effect of hypersplenism. Ac- 
cordingly, profile C may correspond to development of patchy 
necrotic or fibrotic lesions with insufficient viable Gaucher 
cells to produce a uniformly dense pattern of °"Tc SC uptake. 
Finally, profile D presumably results from pathologic events 
that preclude uptake of "Te SC in viable marrow-reticulo- 
endothelial cells, such as infarction, necrosis, or decreased 
blood flow due to increased intramedullary pressure. 

This sequence of events is indicated by the increasingly 
positive CT attenuation coefficients of the medullary space. 
Because Gaucher cells are glycosphingolipid-laden macro- 
phages, marrow filled with these cells should have the nega- 
tive attenuation coefficient characteristic of lipid [10, 13]. Their 
positive coefficients suggested intramedullary fibrotic or cal- 
cification processes secondary to destructive events or in 
reaction to abnormally functioning macrophages (Gaucher 
celis) [13, 14]. Furthermore, the positive CT attenuation coef- 
ficients that appeared after the expansion of marrow observed 
by *°"Tc SC scan was consistent with the time required for 
developing secondary pathologic changes. 

Although these correlations are speculative, they suggest 
that the bone involvement occurs in a predictable sequence. 
Initially, both the marrow expansion and the subsequent loss 
of "Tc SC uptake begin proximally and spread distally, as 
do the areas with positive CT attenuation coefficients. The 
oldest affected areas become most severely involved first, a 
process that may partly explain why the hips are the most 
common and usually the most severely involved joints. In view 
of this sequence of progressive disease, it might be antici- 
pated that the severity of the bone disease would be related 
to age. 

However, no strict relationship between age and bone 
severity (or any other manifestation) has been observed in 
this series or others [12, 15]. Generally progressive severity 
of the bone disease was suggested in our patients between 
the ages of 19 and 43 years old. However, the variability 
within families (cases 4 and 20, son and father) and among 
families presumably results from the genetic (allelic) hetero- 
geneity in this disease [16, 17]. Clearly, longitudinal studies 
(biochemical, clinical, and genetic) in a well-defined population 
of type 1 Gaucher's disease patients will be required to 
establish the precise relationship of the scanning abnormali- 
ties and the progression of the bony disease. Thus, the use 
of CT and scintigraphy might provide useful information for 
monitoring the sequential progression of bone disease and 
for choosing the most effective orthopedic intervention. 
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MR Imaging of Renal 
Transplants 





Fifty-six MR studies were obtained in 32 renal transplant patients, by using T1- 
weighted, spin-echo, and inversion-recovery pulse sequences. The findings, particularly 
the loss of corticomedullary differentiation, and the extent of vascular penetration into 
the renal parenchyma, were compared with the clinical and histologic diagnosis of 
transplant rejection. Thirteen MR studies on 11 patients with clinically normal renal 
transplants demonstrated normal corticomedullary differentiation. Renal vessels ex- 


tended into the parenchyma in all 11 patients and to the cortex in 38%. In 37 MR 


studies on 22 patients with a clinical or histologic diagnosis of acute and/or chronic 
transplant rejection, the corticomedullary differentiation was normal in 8%, faint in 24%, 
and absent in 68%. Renal parenchymal vessels were visualized in 32%, but extended 
to the level of the cortex in only 8%. In 68% of the studies with transplant rejection, no 
parenchymal vessels were seen. When the corticomedullary differentiation was either 
faint or absent, the vascular pattern was normal in 6%; in 68% of cases no parenchymal 
vessels could be identified. We conclude the corticomedullary differentiation and the 
renal vascular pattern are useful parameters in the evaluation of renal transplant 
rejection. 


Investigators have emphasized the ability of MR to distinguish the renai cortex 
from the medulla in normal kidneys [1-8]. This corticomedullary differentiation has 
been reported absent in several pathophysiologic states, including chronic renal 
insufficiency, obstructive hydronephrosis, dehydration, and renal transplant rejec- 
tion. Thus, early studies with MR have suggested its usefulness in the evaluation 
of renal transplants [2-7]. In addition, the extent of vascular penetration into the 
renal parenchyma can be determined with MR because of the absence of signal 
from flowing blood. We attempted to evaluate the MR findings in renal transplant 
patients and to correlate these findings, especially the loss of corticomedullary 
differentiation and the penetration of vessels into renal parenchyma, with the clinical 
and histologic diagnosis of transplant rejection. 


Materials and Methods 


Fifty-six consecutive MR examinations were obtained in 32 renal transplant patients over 
a 7-month period. The 18 men and 14 women ranged in age from 3 to 57 years. Twenty- 
three patients had cadaver transplants; nine had living related donors. All MR studies were 
performed with a 1.5-T superconductive magnet (Philips Gyroscan) operating at 0.5 T. Thirty 
examinations used various surface coils placed directly over the transplanted kidney, while 
22 examinations were performed with the system body coil. In four, both coils were used. 
The transplanted kidneys were initially located with a single transverse image by using a spin- 
echo (SE) pulse sequence with echo time (TE) of 30 msec and repetition time {TR} of 250 
msec. Coronal images were then obtained with either SE or combined SE and inversion- 
recovery (IR) techniques. The SE sequence of TE 30 and TR 500 was used with four 
measurements, 256 x 256 acquisition, 5- to 10-mm slice thickness, and 2- to 5-mm slice 
spacing for the surface-coil studies, with either single-slice or three multislice images. When 
the body coil was used alone, the three multislice images were obtained with the same 
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parameters, followed by eight multislice coronal or axial images at 
TE 30 and TR 700, with 10-mm slice thickness and a gap of 2-5 mm 
between slices. All the studies had SE images; 22 examinations also 
included the IR technique. The IR pulse sequence of TE 30, TI 400, 
and TR 1600 was used with both surface and body coils; single or 
three multislice coronal images were obtained. 

All MR images of the renal transplants were examined for kidney 
appearance with particular attention to corticomedullary differentia- 
tion and to the renal vascular pattern. The corticomedullary differen- 
tiation was classified as good, faint, or absent. The renal vessels 
were graded according to visibility within the parenchyma: grade-3 
vessels extended to the cortex, grade-2 vessels extended into the 
renal parenchyma but did not reach the cortex, grade-1 vessels were 
limited to the renal sinus, and grade-0 vessels could not be identified 
within either the renal parenchyma or sinus (Fig. 1). The images from 
each MR examination were evaluated as a group. 

Attention was also given to the presence of perinephric fluid 
collections and hydronephrosis. The findings of the MR examinations 
were compared with the clinical data, including laboratory tests and 
radiographic studies (renal sonograms, radionuclide renograms, an- 
giograms, and nephrostograms). Pathologic specimens were avail- 
able for correlation with 23 (41%) of 56 MR studies, either by kidney 
biopsy (21) or transplant nephrectomy (2), and provided histologic 
data for 20 (63%) of 32 patients. Thirteen biopsies were performed 
within 7 days of the MR imaging, and four were done 8-17 days after 
the examination. Six patients with normal MR and clinical studies had 
no biopsy, nor did three others who had ureteral obstruction or renal- 
artery stenosis. The remaining three patients with clinical evidence of 
rejection had no biopsy. 


Results 


Thirteen studies were performed on 11 patients who were 
determined by clinical and laboratory data to have normally 
functioning renal transplants. In all 13 studies, the cortico- 
medullary differentiation was normal. Vessels could be iden- 
tified within the renal parenchyma in all the studies, and in 
five (38%) the vessels extended to the cortex (Fig. 2). Nine 





A 


Fig. 1.—Grading the vascular pattern in two renal transplants; coronal images SE 30/700. 
A, Grade 3: vessels extending to cortex. Note normal corticomedullary differentiation. 
B, Grade 1: vessels seen only in region of renal hilum. Note absent corticomedullary differentiation. 
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exams (69%) were obtained within 14 days of transplantation. 
The other four exams ranged from 1 to 11 months after 
transplantation. Only four of the 11 patients (36%) received 
kidneys from living related donors. One patient was found to 
have clinical and laboratory evidence of cyclosporin toxicity; 
he had normal corticomedullary differentiation and a grade-2 
vascular pattern. 

Thirty-seven studies were performed on 22 patients with a 
Clinical or histological diagnosis of transplant rejection. Five 
exams (14%) were obtained within 14 days of surgery, while 
the remaining 32 studies were performed from 3 weeks to 9 
years after transplantation. Three studies (8%) demonstrated 
normal corticomedullary differentiation. A biopsy was ob- 
tained on all three of these patients; however, only one of the 
biopsies was performed within 7 days of MR imaging. Nine 
studies (24%) on seven patients demonstrated a poor or faint 
corticomedullary differentiation (Fig. 3). Twenty-five studies 
(68%) on 17 patients demonstrated no corticomedullary dif- 
ferentiation. 

Only three (8%) of the 37 studies performed on rejected 
transplants demonstrated grade-3 vessels. Two of the three 
were histologically confirmed by a biopsy obtained within 7 
days of the MR. Nine studies (24%) revealed grade-2 vessels, 
and in 18 studies (49%), grade-1 vessels could be identified. 
No vessels (grade 0) could be visualized within either the 
renal parenchyma or sinus on seven studies (19%) in six 
patients. Thus, parenchymal vessels were absent in 68% of 
the rejected kidneys. Of the 22 patients with transplant rejec- 
tion, 19 (86%) cases were confirmed by biopsy or transplant 
nephrectomy. 

In addition to the evaluation of corticomedullary differentia- 
tion and renal vascular pattern on MR scans, other causes of 
transplant dysfunction were sought, such as hydronephrosis 
and perinephric fluid collections. Hydronephrosis was noted 
on 10 MR studies in seven patients. Two of these patients, 


Fig. 2.—15-year-old boy several days after 
transplantation with normally functioning kidney. 
Surface-coil SE 30/500 coronal image clearly 
demonstrates normal corticomedullary differen- 
tiation and vessels (arrow) extending to cortex 
(grade 3). 
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Fig. 3.—A, 11-year-old girl 1 day after kidney 
transplantation. Coronal SE 30/500 surface-coil 
images show clear corticomedullary differentia- 
tion and normal intrarenal vessels. 

B, Two weeks after transplantation. Coronal 
SE 30/500 image now reveals enlarged, globular 
kidney with faint corticomedullary differentiation. 
Although vessels can be seen through medulla, 
they appear compressed peripherally when com- 
pared with previous study. 


Fig. 4.—A, Coronal, body-coil SE 30/700 im- 
ages demonstrate no corticomedullary differen- 
tiation with hydronephrosis in renal transplant. 

B, After percutaneous nephrostomy 3 days 
later, contrast study confirms hydronephrosis 
and reveals obstructed ureter (arrow). Continued 
drainage and subsequent balloon dilation of 
stricture resulted in return of serum creatinine to 
normal level. 


each with two MR scans, had ureteral obstruction and sub- 
sequent decrease in serum creatinine after percutaneous 
nephrostomy (Fig. 4). Four patients had biopsy-proven rejec- 
tion as well as hydronephrosis. The other patient had mild 
hydronephrosis and renal-artery stenosis with resolution of 
renal insufficiency after angioplasty. One patient had biopsy- 
proven acute tubular necrosis without evidence of rejection. 
In all cases of hydronephrosis, renal-artery stenosis, or acute 
tubular necrosis, the corticomedullary differentiation was 
either faint or absent and the renal vessels were negligible. 
Perinephric fluid collections (Fig. 5), including hematoma, ab- 
scess, and lymphocele, were detected on 10 MR scans in 
five patients. 


MR OF RENAL TRANSPLANTS 951 





Discussion 


Several authors have reported the value of MR in delinea- 
tion of renal anatomy as well as of medical and surgical 
diseases that may affect the kidney [1-3, 8]. Of particular 
interest has been the role of MR in renal transplants. The 
ability of MR to distinguish the renal cortex from the medulla 
in normal kidneys has been emphasized by several investi- 
gators [2-7]. The cortex has higher signal intensity than the 
medulla but lower intensity than the perirenal or renal-sinus 
fat on T1-weighted images. MR scans with short TE and TR 
readily delineate corticomedullary differentiation in normal kid- 
neys without iodine or other contrast agents. 
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Fig. 5.—A, 32-year-old man 1 week after transplantaton. Surface-coil SE 30/500 image of normally functioning kidney shows clear corticomedullary 


differentiation. 


B, Same patient 2 months after transplantation. Body-coil, SE 30/700, long-axis coronal image reveals loss of corticomedullary differentiation, mild 
hydronephrosis, and a small, low-signal-intensity, perinephric fluid collection (arrow) adjacent to lower pole. 
C, Straight, coronal, body-coil, SE 30/700 image at same time as B shows another, larger perinephric fluid collection (arrows) displacing 


bladder (B) to left. 


In the evaluation of renal transplants for corticomedullary 
differentiation, we noted various patterns in the penetration 
of vessels into the renal parenchyma. Changes in the vascular 
pattern could be expected because of vascular compression 
by renal edema or a distended collecting system. Also, in 
certain types of rejection, vascular destruction would de- 
crease the number of vessels and their renal penetration. 

The MR studies in patients with normally functioning trans- 
plants all demonstrated normal corticomedullary differentia- 
tion and either grade-2 or grade-3 vessels. None of these 
patients was biopsied, but the combination of these findings 
strongly suggests that rejection is not present. 

Of the 37 studies in the 22 patients with a clinical or 
histologic diagnosis of transplant rejection, corticomedullary 
differentiation was faint or absent in 34 (92%). Of the three 
patients with normal corticomedullary differentiation, only one 
demonstrated grade-3 vessels. This patient’s biopsy several 
months before MR was consistent with chronic rejection, and 
his clinical and laboratory data in the interim supported that 
diagnosis. Another patient with normal corticomedullary dif- 
ferentiation, grade-1 vessels, and biopsy of rejection had an 
additional MR scan 5 days later that revealed loss of corti- 
comedullary differentiation. The first study may have been 
obtained too early to detect the changes of rejection. Thus, 
there may be a critical threshold of cellular or interstitial 
changes needed before MR detects corticomedullary differ- 
entiation loss—perhaps at 72-96 hr; however, in one patient 
this loss occurred less than 48 hr after transplantation [9]. 
The third patient with normal corticomedullary differentiation 
had grade-0 vessels; biopsy 17 days after MR demonstrated 
rejection. A repeat MR scan 4 months later showed no 
corticomedullary differentiation and grade-O vessels. Two 
other patients with rejection and grade-3 vessels demon- 
strated either faint or absent corticomedullary differentiation. 
In the 34 studies with rejection and faint or absent cortico- 


medullary differentiation, grade-1 or grade-O vascular pattern 
was present in 23 (68%). Therefore, combining the findings 
of both corticomedullary differentiation and the renal vascular 
pattern should increase the sensitivity of the MR diagnosis of 
transplant rejection. 

Geisinger et al. [4] described variable MR appearance of 
corticomedullary differentiation in transplants with acute tu- 
bular necrosis, while other reports [2, 3] have described 
preservation of corticomedullary differentiation. In our single 
patient with biopsy-proven acute tubular necrosis, MR 
showed poor corticomedullary differentiation and grade-1 ves- 
sels. Renal-artery stenosis and ureteral obstruction with hy- 
dronephrosis have been associated with absent corticomed- 
ullary differentiation [1, 2]. Those cases in our study also had 
grade-1 or grade-0 vessels. 

MR detection of hydronephrosis or perinephric fluid collec- 
tions was similar to the results of sonography in the same 
renal transplant patients. If surface coils are used, the study 
should also include body-coil images for better evaluation of 
the pelvic region around the kidney transplant and bladder. 
Confirming these conditions was significant in the overall care 
of the patients; two patients with poor or no corticomedullary 
differentiation and hydronephrosis had ureteral obstruction 
requiring intervention that led to improvement in renal func- 
tion. Three of the five perinephric fluid collections detected by 
MR also required percutaneous or surgical drainage as part 
of the patients’ care. 

The results of this study indicate an important role for MR 
in evaluation of renal transplant patients. MR is now being 
used as an imaging tool for evaluation of transplant rejection 
by the nephrologists in our hospital. We have found a strong 
correlation of normal corticomedullary differentiation and 
grade-2 or grade-3 vascular pattern by MR with the presence 
of a normal transplant. Faint or absent corticomedullary dif- 
ferentiation and grade-0 and grade-1 vessels are seen more 
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frequently in transplant rejection. The combination of the latter 
findings in the absence of hydronephrosis or renal-artery 
stenosis strongly points to rejection. The value of MR in the 
differentiation of rejection from acute tubular necrosis and 
cyclosporin toxicity needs continued investigation. 
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Differential Diagnosis of Renal Transplant Rejection: Is MR 
Imaging the Answer? 


Nicholas A. Halasz' 


New immunosuppressive regimens that use cyclosporine 
and steroids, with or without antilymphocyte globulin prepa- 
rations, have improved the results of kidney (and other organ) 
transplants dramatically. However, they have added to the 
difficulty of monitoring the posttransplantation course of pa- 
tients. Until the advent of cyclosporine, when a kidney mal- 
functioned after transplantation, the malfunction could be 
attributed to two main causes: (1) harvesting or preservational 
injury (acute tubular necrosis) (ATN) or (2) allograft rejection. 
Even though vascular or ureteral obstruction occasionally 
contributed to malfunction, it occurred infrequently and was 
usually identifiable. Cyclosporine, however, has changed this 
situation significantly, in two distinct ways. First and most 
commonly, it depresses established renal function because 
of its nephrotoxicity. Secondly, if can cause—probably also 
because of its nephrotoxicity—an occasional ATN-like syn- 
drome that primarily affects marginally preserved organs. 

Now the clinical differentiation of the various causes of 
dysfunction ceases to be easy, and help is needed to resolve 
the dilemma in differential diagnosis. Invasive though they 
are, biopsies are now commonly used to differentiate the two 
most confusing entities, cyclosporine toxicity and graft rejec- 
tion. When MR imaging was first reported to make this 
distinction easily, the hopes of many transplant surgeons 
were raised. It seems to this reader of the accompanying 
paper by Baumgartner et al. [1], that while MR will help, it will 
not be THE answer. The authors, themselves, point to 8% 
false negatives and 24% intermediate results in a study with 


Received June 30, 1986; accepted after revision July 2, 1986. 


unblinded observers and with only a loose temporal correla- 
tion between the MR studies and biopsies. 

Imaging techniques for evaluating renal allografts fall into 
two major groups: dynamic or static. MR and CT are in the 
latter category; scintigraphic flow and hippuran studies, on 
the other hand, are dynamic and potentially quantitative. 
Sonography overlaps both and can also be quantitative when 
used to guide duplex scanning. Angiography can similarly be 
considered both dynamic and static. It has the advantage of 
having the ability to magnify for a look at fine vessels, but it 
also has the disadvantage of damaging renal function owing 
to the amount of contrast material required. 

We need a key procedure to follow kidney allografts. Cur- 
rently, nuclear medicine studies (DTPA and I**'-hippuran) 
seem to retain this role: They are dynamic and functional 
studies that look at blood flow as well as glomerular and 
tubular function, give a fair assessment of the patency of the 
drainage system, and permit monitoring the status of the 
kidney during acute tubular necrosis, when rejections are 
most difficult to recognize. The studies are also more acces- 
sible and less expensive than MR. Sonography is clearly the 
ideal technique for recognizing urinary obstruction, but it is 
closely matched by scintigraphy or MR. A new and potentially 
exciting application of sonography is evolving. Duplex sonog- 
raphy is being applied to the main renal artery as well as to 
its intraparenchymal branches, and by analysis of Doppler 
wave forms can provide semiquantitative information about 
blood flow and intrarenal impedance. These techniques have 
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shown promising correlation with graft rejection in early stud- 
ies [2, 3]. Sonography also identifies fluid collections and 
extravasations most economically, another task that MR per- 
forms well, but that nuclear medicine studies do poorly. 

In addition to the need to distinguish cyclosporine toxicity 
from rejection, there is an even greater need. Graft rejection 
is not an all-or-nothing process. Instead it is a crescendo 
attack by the body, and as such, the earlier it is recognized 
and treated, the more effectively it can be reversed with the 
least permanent injury to the kidney. The key to exploiting 
this situation is early recognition: Graft rejection should be 
identified early—before it becomes clinically evident or ob- 
vious—and at this time we lack imaging, immunologic, or 


other techniques to accomplish this. MR is not the answer. 


Better blood-flow measurement techniques, more sophisti- 
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cated functional studies and quantification of changes by 
scintigraphy, and recognition of metabolic changes identifiable 
by spectroscopic MR techniques are a few of the radiologic 
methods that should be explored to achieve this goal. 
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Excretory Urography in 
Patients with Prostatism 





The value of performing routine screening excretory urography in patients with 
prostatism was prospectively evaluated in 180 patients (50 years old or older). All 
patients had signs and symptoms of prostatism or acute urinary retention, findings of 
benign prostatic hypertrophy on physical examination, and negative urine cultures. High- 
risk patients, such as those with hematuria, urinary tract infections, history of bladder 
tumors, or significant elevation of serum creatinine, were excluded. In four patients 
(2.2%), findings of excretory urography resulted in an alteration of patient management. 
Three of these had asymptomatic upper urinary tract malignancies. One had a compli- 
cated renal cyst. We conclude that routine screening of patients with prostatism is 
warranted. 


Excretory urography is a common screening procedure in the evaluation of 
patients with prostatism. Historically, it was used to provide information on bladder 
disorders, prostate size, renal function, and upper urinary tract disease. Most of 
this information is now obtained by other techniques. Bladder disorders, prostate 
size, and degree of obstruction are best evaluated by cystoscopy, cystometry, and 
measurement of urinary flow rate [1]. Renal function is better evaluated by 
determining serum creatinine and blood urea nitrogen levels rather than the degree 
of hydronephrosis [1, 2]. Renal calculi often can be visualized by means of an 
abdominal radiograph if this information is desired. 

On the basis of this background, the appropriateness of screening excretory 
urography has been challenged [3, 4]. Kumar and Schreiber [3] recommended 
excretory urography for preprostectomy patients only when there was a history of 
gross hematuria, urinary calculi, or elevated serum creatinine levels. They sug- 
gested that approximately 90% of preprostectomy patients would not need excre- 
tory urography if these criteria were used. We performed a prospective study of 
excretory urography in a group of patients being evaluated for prostatism. Only 
patients with voiding dysfunction without predetermined clinical and laboratory 
abnormalities were included. Voiding symptoms included urinary hesitancy, dimin- 
ished stream, daytime frequency, urgency, and nocturia. 


Subjects and Methods 


One hundred eighty consecutive patients with the clinical diagnosis of prostatism were 
prospectively evaluated. Included were all patients 50 years or older (mean age, 65) who had 
signs and symptoms of prostatism or acute urinary retention, findings of a benign prostate 
on physical examination, and negative urine cultures. Excluded were patients with history of 
gross or microscopic (>5 RBC per high-powered field) hematuria, or bladder cancer, clinically 
significant urethral stricture disease, previous prostate surgery, or serum creatinine concen- 
trations greater than 2 mg/dl. 

Patients who fulfilled these criteria underwent excretory urography followed by cystoscopy. 
Selected patients also underwent cystometry and determination of urinary flow rates. Patients 
for whom excretory urography revealed an abnormality before cystoscopy or prostate surgery 
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were included in the study as long as other entry criteria were met. 

At the time of the excretory urography, staff radiologists completed 
data sheets that recorded the excretory urography findings of kidney 
masses, chronic pyelonephritis, obstruction, congenital defects, ure- 
terai abnormalities, bladder calculi, and renal calculi. Also recorded 
were significant contrast reactions, including urticaria, angioedema, 
laryngoedema, bronchospasm, and vascular collapse. A separate 
data sheet was completed by urology residents and staff. This sheet 
recorded laboratory and cystoscopy results and whether the excre- 
tory urographic resulted in an alteration in clinical management. 


Results 


Prostatic surgery, usually a transurethral resection of the 
prostate, was performed on 121 of the 180 patients. The 
others did not have significant clinical findings warranting 
surgery, refused surgery, or had findings on excretory urog- 
raphy that required alternative therapy. 

Forty-nine (27%) of the 180 patients had upper tract ab- 
normalities incidentally detected by excretory urography (Ta- 
ble 1). Most of the findings were minor and not significant. 
None of the six cases of hydronephrosis was severe. The 
renal calculi noted in five patients were small and nonobstruc- 
. tive. In nine patients abnormal findings on the excretory 
urogram prompted another radiographic examination, which 
ultimately did not result in an alteration in the patient’s man- 
agement. In three of these nine patients the excretory uro- 
gram suggested an abnormality (parapelvic mass, uretero- 
pelvic mass, adrenal mass), but other studies did not confirm 
the finding. Six of these nine cases were cysts verified by 
either sonography or CT. One indeterminate mass was not 
evaluated because the patient died of pulmonary complica- 
tions before his studies were completed. 

The excretory urography findings led to an alteration in 
management for four patients, including three with malignant 
tumors and one whose renal cyst was aspirated because it 
was atypical on both excretory urography and sonography. 
One patient developed a severe contrast reaction manifested 
by laryngeal edema, which rapidly responded to subcuta- 
neous epinephrine therapy. 


Discussion 


The entry criteria excluded high-risk patients for whom past 
studies and experience have proven the value of excretory 
urography. We evaluated screening excretory urography only 
in patients who had abnormal voiding patterns. The use of 
urography in this group of patients has been questioned 
recently. Most of these studies were retrospective evaluations 
of patients undergoing prostatectomy, and some patients with 
prostatism symptoms might have been omitted because their 
radiographic findings obviated prostatectomy. 

Our prospective study included patients with signs and 
symptoms of prostatism or acute urinary retention. We in- 
cluded patients who had a benign prostate on physical ex- 
amination, negative urine culture, serum creatinine less than 
2 mg/dl, but did not have hematuria, bladder cancer, clinically 
significant urethral stricture, or history of prostate surgery. 
The value of screening excretory urography depends on the 


AJR:147, November 1986 


TABLE 1: Upper Tract Findings in 180 Patients Undergoing 
Excretory Urography 





No. of 
Finding Patients 
(%) 

Congenital abnormalities 

Duplex collecting system 4 

Anterior rotation 1 

Single kidney 1 

Total 6 (3.3) 
Miscellaneous 

Chronic pyelonephritis 3 

Left renal arterial stenosis 1 

Papillary necrosis 1 

Total 5 (2.8) 
Hydronephrosis 6 (3.3) 
Renal calculi 5 (2.8) 
False positives 3 (1.7) 
Renal mass lesions 

Cysts 20 

Hypernephroma 2 

Transitional cell cancer 1 

Indeterminate mass 1 

Total 24 (13.3) 


Note.-Numbers in parentheses are percentages of total patient population (180). 


definition of significance. We chose to describe significant 
findings as those that could not be obtained by other routine 
screening tests and that resulted in an alteration of patient 
management or therapy. On the basis of this definition, only 
upper urinary tract abnormalities were included because blad- 
der abnormalities are best studied by cystoscopy [2, 5]. 

Morrison [6], Pinck et al. [7], and Pang et al. [8] favored 
screening excretory urography. Collectively, they reviewed 
841 patients who had undergone prostatectomy. Of these, 
16 patients (2%) needed immediate management alterations 
on the basis of excretory urography findings. 

Other authors have not advocated screening excretory 
urography. In separate retrospective studies of prostatectomy 
patients, Boerema [9] found, in excretory urography of 125 
patients, that none of the results led to alterations in therapy, 
whereas Christoffersen and Moller [5] found three (2%) of 
150 patients with significant findings. In a similar study of 601 
postprostectomy patients, Bauer et al. [10] found screening 
excretory urography unnecessary, but, unfortunately, they 
did not cite an exact number of significant cases. Ten (1.1%) 
of 894 patients reviewed by Butler et al. [11] and none of 180 
patients reviewed by Marshall et al. [2].had upper urinary 
tract findings that resulted in alterations of patient manage- 
ment. Both studies were retrospective analyses of patients 
with acute urinary retention. Abrams [12], in a retrospective 
review of excretory urography in 201 patients with symptoms 
of bladder-outflow obstruction, found:no abnormalities that 
led to alterations in therapy. In a prospective study, Andersen 
et al. [1] found no significant results in their review of 104 
patients with a preliminary diagnosis of infravesical obstruc- 
tion. 

Most of our findings did not prompt changes in patient 
management. The prevalence of renal cysts (11%) is expected 
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for patients in this age group [13, 14]. In one patient, excretory 
urography findings suggested renal artery stenosis, but this 
possibility was not pursued. One patient with an indeterminate 
mass died of respiratory complications before sonographic 
findings could be obtained for clarification. The mass was 
probably a cyst, but the diagnosis remains uncertain. In nine 
patients, further radiographic studies were necessary to con- 
firm various findings. We do not regard these findings as 
significant because they did not require an interventional 
procedure or ultimately lead to changes in patient manage- 
ment. 

Despite our attempt to preselect patients without high-risk 
factors, we uncovered four cases (2.2%) whose management 
was altered on the basis of excretory urography findings. 
These included three patients with asymptomatic upper tract 
malignancies who underwent nephrectomy and one patient 
with an atypical cyst that required aspiration. Although benign, 
this cyst was classified as a significant finding because it 
necessitated an interventional diagnostic procedure. Other 
findings were potentially valuable, including one patient with 
a solitary kidney, five with renal calculi, one with papillary 
necrosis, and three with chronic pyelonephritis. However, 
none of these findings directly influenced the pre- or postsur- 
gical management of these patients. 

Our three asymptomatic cancers (1.7%) are surprising. In 
a review of the literature, Bauer et al. [10] found six (0.29%) 
upper urinary tract malignancies on excretory urography 
among 2024 men with acute urinary retention. They also 
reported that based on data from Bennington and Beckwith 
the expected number of upper tract malignancies was 32 
(0.03%) per 100,000 70-year-old men. Most of the previous 
studies of patients with prostatism found a similar prevalence 
of cancer. However, there was one exception: Pinck et al. [7] 
found upper urinary tract cancer in eight (1.4%) of 557 pa- 


tients. 


Our higher prevalence of cancer can be partially explained 
by the prospective nature of our study, which prevented loss 
of any patients with significant excretory urography findings. 
Also, unlike some of the retrospective studies, most of our 
patients did not have acute urinary retention. Previous studies 
have found fewer abnormalities in this subgroup of patients. 
Finally, our standard excretory urography routinely included 
nephrotomography, which permits visualization of more sub- 
tle lesions than a conventional examination does. Most of the 
previous studies did not mention the routine use of nephro- 
tomography. 

We conclude that the upper urinary tract should be as- 
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sessed in patients undergoing prostatism evaluation. Despite 
excluding potential high-risk patients on the basis of certain 
clinical and laboratory criteria, we found four patients whose 
management was directly influenced by the excretory urog- 
raphy findings and other patients with potentially important 
upper urinary tract abnormalities. 
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Commentary 





Routine Urography in Men with Prostatism 


Lee B. Talner’ 


Should all men with symptoms of bladder-outlet obstruction 
have screening excretory urography? That question. is ad- 
dressed by Bundrick and Katz [1]. The authors found three 
important surprises, two renal carcinomas and one transi- 
tional cell carcinoma, among 180 patients screened, citing 
this unusually high yield of occult cancers to support their 
argument in favor of routine urography. With the publication 
of their relatively small but at least prospective study, we now 
have a dozen reported series, but rather than allowing a clear- 
cut conclusion to be drawn, these reports instead underscore 
the complex and controversial nature of this issue. Formulat- 
ing policy on the basis of small studies should not be under- 
taken lightly. We have a responsibility to examine the rec- 
ommendations of Bundrick and Katz in light of data from 
larger series, epidemiologic studies, and autopsy surveys. 

Previous authors [2-4] generally agree that the decision 
for prostatectomy should rest on clinical and urodynamic 
grounds rather than on urographic findings. While the discov- 
ery of unsuspected stones, scars, cysts, duplications, mild 
hydronephrosis, and so forth, is not always trivial, it generally 
has little or no impact on immediate patient management. 
Azotemic men with prostatism are best studied by sonogra- 
phy to look for kidney size and hydronephrosis. Only hema- 
turia remains a noncontroversial indication for urography in 
these men [2]. Therefore, the major, unresolved issue is 
whether uncovering occult (asymptomatic) upper urinary tract 
malignancies is worthwhile. The possibility of missing a cancer 
provokes so much anxiety that the issue cannot be ignored. 

To reach a rational decision we need to know the preva- 
lence of renal carcinoma and upper tract transitional cell 
carcinoma (I will group these together as “renal cancer”) in 
men with prostatism and the risk of rena! cancer in these men 
compared with men of similar age without prostatism. 


Of the 12 series reporting the results of urography in men 

with biadder-outlet obstructive symptoms [3, 5-14], three are 
from the United States; the remainder are from Europe, 
Australia, and Canada. The prevalence of upper tract malig- 
nancies ranged from 0% to 2%, but as might be expected, 
the patient populations differed substantially. Some series 
reviewed results only in men who subsequently underwent 
prostatectomy, while others included all men with symptoms 
of prostatism whether or not they eventually had surgery. Still 
others examined only men who presented with urinary reten- 
tion. Patients with hematuria were excluded from some series 
(including that of Bundrick and Katz) but included in others. It 
is not surprising that the prevalence of renal cancer varied so 
much. : 
In all series combined, 15 renal “tumors” were discovered 
in 3828 patients. Five were specified as renal cancer, two as 
transitional cell cancer, five as renal “tumors,” and three as 
ureteral “tumors.” Assuming that all 15 tumors were malig- 
nant, the overall prevalence of “renal cancer” was 0.4%. 
Bundrick and Katz imply that their figure of 1.7% is nearer 
the true prevalence of occult cancers in men with prostatism 
because their study was prospective, while many of the other 
studies were retrospective and may have omitted patients 
with renal cancer who never reached prostatectomy. How 
does their conclusion fit with other data? Data from several 
sources on the incidence of renal cancer are fairly consistent. 
From the SEER (surveillance epidemiology and end results) 
study [15], the age-specific yearly incidence of renal cancer 
in the United States (including ureteral cancer) per 100,000 
men is 17 cases (0.017%) in those aged 50-54 years, 33 
cases (0.033%) for ages 60~64, 54 cases (0.054%) for ages 
70-74, and 60 cases (0.060%) for ages 80-84. No significant 
regional differences emerged. 
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While autopsy series can provide data on the prevalence 
of renal cancer, most are not relevant to the present issue of 
discovering occult cancers. Harvey [16], looking for incidental 
renal cancers, found eight in 4529 autopsies, for a prevalence 
of 0.18%. The AFIP series from 1957 [17] cites a 0.3% 
prevalence of renal cancer among over 200,000 autopsies, 
including both symptomatic and occult malignancies. Bell [18] 
found 156 incidental tumors (including adenomas) in 59,000 
autopsies, for a prevalence of 0.26%. 

What do we learn by comparing the age- and sex-specific 
population data to the data derived from patients with pros- 
tatism? At first inspection it would appear that the prevalence 
of renal cancer in the prostatism group is as much as five to 
10 times the prevalence in men of similar age who were not 
selected because of prostatism. However, all the reported 
series suffer from selection bias, which could easily explain 
the higher prevalence of renal cancer in this group. | suspect 
that urologists who found one or more occult cancers were 
more likely to report a series than those who did not. When 
to begin and end a series is arbitrary and is almost certainly 
influenced by when cancers are discovered. The inclusion of 
men with hematuria in some series also raises the chances 
of finding a cancer. Until larger series of patients are studied 
prospectively, we will not be sure of the prevalence of renal 
cancer in prostatism patients without hematuria. 

But even if we were to acknowledge a small increased 
prevalence of renal cancer in,men with prostatism, is that 
sufficient to formulate a policy of routine urography in pros- 
tatism patients? Is it worth the cost and risk of doing 1000 
excretory urograms to discover three or four malignancies? 
What will be the stage of these tumors? How many will be 
curable or cured by prompt treatment? Is longevity affected 
in this older age group? What about the risks of surgery, 
contrast media, and the unknown natural history of occult 
tumors? While the medical profession would like to assume 
that all tumors removed represent “saves,” we don’t have 
enough data to know the ultimate impact of surgery on 
survival. 

None of the published series have reported deaths from 
urography, but if the policy of routine urography for prostatism 
is carried out nationwide, and now it probably is close to 
standard procedure, enough urograms (estimate 200,000) 
are done yearly to make several deaths per year from contrast 
media likely. These patients would have been omitted from 
series that included only men who had survived urography to 
undergo prostatectomy. 

In 1980, the cost of routine preprostatectomy urography 
was estimated to be near $29 million [3], but that cost did 
not include the cost of urography performed in prostatectomy 
candidates who did not undergo surgery. To this must be 
added the cost of extra time the patient must take from work, 
extra hospital days, and further workup necessitated by the 
discovery of space-occupying lesions that are actually cysts. 
For every renal cancer in this age group, we should find 15- 
25 renal cysts. Sonography or CT to confirm these as cysts 
adds substantial time and expense to the already heavy costs. 
The average cost of IV urography is at least 50% higher now 
($200 in San Diego and Imperial Counties in California) than 
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in 1980, and an increasing number of men are presenting 
with prostatism each year, so it is not unreasonable to project 
an overall annual expenditure exceeding $100 million nation- 
wide for routine urography. 

The two studies with the highest incidence of occult renal 
cancers were from New Jersey and Virginia. While we should 
not dismiss lightly the possibility that environmental factors 
play a role in the genesis of renal cancer, nationwide studies 
have so far failed to confirm significant regional differences 
[15]. What we should do is support large, multiinstitutional 
studies. These are tedious and expensive, but with medical 
economic pressures likely to escalate, it is the only way to 
generate data weighty enough to convince both urologists 
and radiologists. As of now I believe that the balance of 
evidence is against routine urography in men with prostatism. 
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Radiologic Diagnosis of Renal Transplant Complications. Edited by W. R. Castaneda-Zuniga. Minneapolis: 
Univ. of Minnesota Press, 298 pp., 1986 


Dealing with the great variety of complications that occur in the 
renal transplant patient can be a perplexing and difficult clinical 
problem. The authors have nicely compiled a book on diagnosis and 
uroradiologic management of these situations. The book consists of 
three major sections: diagnosis of systemic complications, diagnosis 
of local complications, and therapeutic techniques. The text is written 
by the editor and 15 contributors, representing six institutions, many 
of whom are appropriately from the University of Minnesota with its 
extensive transplant experience. 

The first section on systemic complications includes chapters on 
the chest film; echocardiography; and radiology of pulmonary com- 
plications, GI complications, and skeletal and soft-tissue change. 
Application of these pathologic changes to patients other than trans- 
plant patients becomes evident in this section, particularly, pulmonary 
disease in other immunosuppressed states, complications in patients 
on chronic steroids, and pathologic changes in patients with chronic 
renal disease alone. The discussions and extensive, diverse bibliog- 
raphies are excellent. However, the poorly reproduced images defi- 
nitely detract from the quality of the chapters, especially the two 
chapters dealing with chest radiographs. The images are far too smali 
to appropriately illustrate the major points. The illustrations in the 
skeletal and soft-tissue chapter are of good size and adequate 
reproduction. 

The second section of the book (local complications) has chapters 
dealing with urologic complications, nuclear medicine, angiography, 
sonography, and digital subtraction angiography. In the chapter on 


nuclear medicine, numerous illustrations and examples of scintigra- 
phy and graphs effectively depict the various pathologic changes. In 
the chapter on angiography, the editor-author’s experience is clearly 
evident; reproduction of the angiograms is adequate. Because of the 
type of images produced in sonography, the extensively illustrated 
chapter on that topic is well done and the images are not degraded 
by reproduction. In this second section of the book, particularly in the 
chapters on nuclear medicine, angiography, and sonography, the 
authors make a concerted effort to help the clinician and radiologist 
differentiate between a rejection reaction and acute tubular necrosis, 
one of the more difficult clinical dilemmas:in the transplant patient. 
That coordinated effort makes reading of the chapters definitely 
worthwhile. 

The third section on interventional uroradiology and management 
of complications is well done, showing the broad, innovative experi- 
ence of the editor and his associates in dealing with these problems. 

For radiologists, urologists and nephrologists involved with renal 
transplant patients, this book offers an extensive compilation of 
clinical knowledge and experience in recognizing and dealing with a 
multitude of problems. in its present form, the book is adequate; it 
would be an excellent book if reproduction of many of the radiographs 
were improved. 


William H. Bush 
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CT Changes in Dementing 
Diseases: A Review 





The present review describes the primary CT features of a variety of dementing 
disorders. An understanding of the differential neuropathologic and CT changes occur- 
ring in dementing illnesses can greatly increase the diagnostic utility of CT. CT is 
valuable not only in diagnosing space-occupying lesions but also in recognizing numer- 
ous degenerative brain diseases. 


There are a number of diseases that can cause dementia. Some of these include 
presenile and senile illnesses of the Alzheimer’s type, Pick’s disease, Creutzfeldt- 
Jakob disease, multiple infarcts, dementia pugilistica, normal pressure hydroceph- 
alus, and a variety of metabolic encephalopathies. While numerous studies have 
attempted to differentiate the CT scans of dementia patients from those of age- 
matched controls, few have compared and contrasted the CT scans of patients 
with a variety of dementing syndromes [1-4]. The present review summarizes CT 
features that typify a number of commonly encountered dementing disorders. 


Dementing Disorders 
Alzheimer’s Type Dementia 


Alzheimer’s type dementia (ATD) is a primary degenerative brain disease usually occurring 
in middle and late life that is diagnosed by clincopathologic findings. Microscopic examination 
of the aging brain shows a decreased number of neurons, amyloid accumulation, senile 
plaques, neurofibrillary tangles, and granulovacuolar degeneration. These changes are greatly 
exaggerated in number and extent of distribution in patients with ATD [5-8]. Neuropathologic 
changes in patients with dementia are marked in the region of the angular gyrus and the 
inferior and middle temporal gyri; they are particularly striking in the amygdala, hippocampus, 
and the parahippocampal gyri, which lie in the medial temporal region [9-11] (Fig. 1). 

Previously, patients who developed Alzheimer's type dementia at age 65 and older were 
designated as having “senile dementia” and, then, “senile dementia of the Alzheimer’s type.” 
Those who developed symptoms earlier were said to have “Alzheimer’s disease.” At present, 
the iliness in both age groups is often referred to as Alzheimer’s disease, although some 
clinical differences have been cited. One report noted that patients with dementia beginning 
before age 65 have a stronger family history of dementia, a relatively shorter life span, more 
language difficulties, and more left handedness [12]. Neuropathologic changes have been 
reported to be more marked in patients with an early onset of dementia [9, 11, 13-16]. 

A close examination of the CT scans of patients with ATD show that a number of 
characteristic changes can be seen in the temporal regions that appear to correlate with the 
above neuropathologic findings. As shown in Figure 2, atrophy is striking in the anterior and 
medial portions of the temporal lobes. This is reflected by widening of the supraseliar cistern, 
the cisterns between the midbrain and temporal lobes, and, particularly, the temporal horns 
of the lateral ventricles. The widening of the temporal horns occurs not only at their tips, 
which lie between the amygdala and hippocampus, but also extends posteriorly. This latter 
finding may be due to atrophic changes in the white matter of the temporal lobes as well as 
to cellular changes in the hippocampus. It seems likely that the widening of the cisterns at 
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Fig. 1.—Section of brain through temporal lobes showing suprasellar cis- 
terns (S), amygdala (A), and hippocampus (H). Tips of temporal horns of lateral 
ventricles lie between A and H. Arrows overlying midbrain point to parahippo- 
campal gyri (PHG). (From the Yakovlev brain collection, AFIP, Washington, 
D.C. Courtesy T. Kemper and M. Haleem.) 


the lateral margins of the midbrain is largely the result of tissue loss 
in the adjacent temporal lobes rather than in the midbrain. Most CT 
scans of patients with ATD, besides showing atrophy in the medial 
temporal regions, also show increased widening in the anterior por- 
tions of the sylvian fissures. Similar changes may be seen in the aging 
brain, but they are less striking, and the temporal horns are not often 
appreciably widened in nondemented elderly individuals [17, 18]. 
Fewer patients with ATD show lesser alterations in the medial tem- 
poral lobes but marked atrophy of the gyri in the temporal lobes and 
along the insula, widening both the sulci and sylvian fissures in these 
regions (Fig. 3). 

The majority of radiographic studies, using both pneumoencepha- 
lography (PEG) [19-22] and CT [1, 2, 4, 23-32] have found the third 
ventricle and bodies of the lateral ventricles, and often the superficial 
sulci, to be statistically larger in patients with ATD, but there is a 
great overlap between the studies of patients with dementia and 
those of mentally normal controls. A progressive widening of the third 
ventricle is usual with aging [17], but PEG [20] and some CT studies 
[26, 27, 29] have found widening of the third ventricle to be signifi- 
cantly greater than widening of the bodies of the lateral ventricles in 
patients with ATD compared to CT studies of age-matched controls. 
Along with the described changes in the temporal lobes, prominent 
widening of the third ventricle and global atrophic changes help to 
strengthen the diagnosis of ATD by CT. 


Pick’'s Disease 


Pick’s disease is another form of progressive dementia. It is not a 
common disease but is easily mistaken clinically for ATD. Neuropath- 
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ologic changes are less generalized, however, and Pick's disease is 
sometimes called “lobar atrophy” or “progressive circumscribed cer- 
ebral atrophy.” Microscopically, the brain shows atrophy and scle- 
rosis, especially in the frontal and temporal lobes; however, there is 
often sparing of the posterior two-thirds of the superior temporal 
gyrus [33, 34], a gyrus that usually shows atrophy in ATD. Atrophy 
is often asymmetrically distributed in Pick’s disease, and more fre- 
quently involves the left hemisphere than the right [34, 35]. There 
may also be severe atrophy of the basal ganglia [34, 35]. Microscop- 
ically, some neurons show local areas of cytoplasmic swelling, which 
are called Pick’s bodies. Clinically, abnormal behavior and difficulty 
with language are more common in these patients than memory 
disturbances, which are more likely to be an early manifestation of 
ATD. 

The diagnosis of Pick’s disease can be suggested by CT when 
atrophy is localized and/or asymmetrical in the hemispheres [34, 
36]. Figure 4A shows a CT scan through the temporal regions of a 
52-year-old man who had presented 1 year earlier with hypomanic 
and depressive symptoms. At the time of the CT study, he showed 
a progressive decline in memory and an inability to learn new things. 
He died 5 years later, and neuropathologic examination showed 
moderate widening of the third and lateral ventricles. The temporal 
lobes appeared “shriveled up” bilaterally. The amygdalae could not 
be identified, but Pick’s cells were seen in the hippocampi. No senile 
plaques or neurofibrillary tangles were seen. Figures 4B and 4C are 
scans of a 70-year-old woman who presented with paranoid ideation 
and a 4-year history of progressive dementia. Her EEG showed minor 
asymmetry in activity organization, with that on the left less well 
organized than that on the right. Clinically, she was thought to have 
Pick’s disease and she was sent to a nursing home. No autopsy was 
performed when she died. 


Creutzfeldt-Jakob Disease 


A more common dementing illness than that described by Pick is 
Creutzfeldt-Jakob disease, a form of subacute spongiform encepha- 
lopathy. It is usually associated with an incubation period of several 
years and has been attributed to a “slow virus” or what is sometimes 
referred to as “a slow infectious pathogen, or prion.” Patients typically 
develop the disease between the ages of 40 and 60, but some 
individuals have developed symptoms in their late teens and early 
twenties [37, 38]. The average course of the disease after symptoms 
develop is less than 1 year [38], although some patients have lived 
longer—one as long as 16 years [39]. Behavioral changes and visual 
disturbances, such as cortical blindness and hemianopsia, are often 
early symptoms of the disease. These are usually followed, in weeks 
or months, by progressive dementia, loss of motor control, and gait 
disturbances [40]. EEG changes with periodic sharp wave complexes 
appear during the course of the disease and are said to be charac- 
teristic of a viral infection [37, 38, 41, 42]. A familial history of the 
disease has been reported in at least 15% of the cases of Creutzfeldt- 
Jakob disease, possibly due to a genetically inherited susceptibility 
[38]. The disease is not rare. Person-to-person transmission has 
been reported from neurosurgical operations in which silver elec- 
trodes were used that had previously been implanted in a patient 
with Creutzfeldt-Jakob disease [43] and in patients who were recipi- 
ents of human pituitary growth hormone [44, 45]. Transmission of 
the disease via a corneal transplant has also been reported [46], and 
some scientists speculate that it can be transmitted via absorbable 
animal-tissue sutures used in head trauma and/or surgery [47]. 

Histologic changes show widespread loss of neurons and astro- 
gliosis in the cerebral cortex and in the central gray matter and 
cerebellum. The brainstem also is often affected [38]. The presence 
of spongiform changes in these areas is thought to suggest active 
disease, and when present in this distribution is strong evidence of 
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Fig. 2.—Alzheimer's disease. Scans of 58-year- 
old man who presented with memory deficit, spatial 
difficulties, and problems with concentration. His 
mother was said to have had senile dementia. 
Scans from Feb. 1983 (A and B) show slight wid- 
ening of CSF spaces, involving particularly the cis- 
terns above the sella and about the midbrain and 
slight widening of third ventricle. A shows significant 
widening of temporal horns. Bodies of lateral ven- 
tricles showed slight widening on slice above B. C 
and D, Scans taken 16 months later (June 1984), 
when symptoms had progressed, also show pro- 
gression of atrophic changes. The extent of visual- 
ization of temporal horns depends particularly on 
angulation of slice. If scan had been more nearly 
horizontal, it is probable that one would see wid- 
ening of temporal horns extending more posteriorly. 


Creutzfeldt-Jakob disease [48]. White-matter degeneration is seen in 
some cases and may be more frequent in those individuals who have 
a longer course of disease [38, 49]. Extensive white-matter degen- 
eration has been reported in some patients, and this may be caused 
by a different strain of Creutzfeldt-Jakob virus [50, 51]. Some cases 
of rapidly progressive Alzheimer’s disease develop myoclonus and 
may be mistaken for Creutzfeldt-Jakob disease. Occasionally, ATD 
and Creutzfeldt-Jakob disease occur in the same families [38]. 

The CT findings in Creutzfeldt-Jakob disease vary according to 
the brain site most affected and to the time at which the scan is 
performed. Progressively atrophic changes are seen on CT [42, 52- 
54], with gradual widening of the ventricles and superficial sulci (Fig. 
5). The temporal lobes may also be involved but not to the extent 
that is seen in patients with ATD. If the white matter is involved, this 
may also show on the CT study [42]. 


Angiopathic Dementia 


Dementia may occur in patients who have suffered multiple cere- 
bral infarcts. These infarcts often follow arteriosclerotic changes in 





the neck vessels, with ensuing thromboemboli or occlusion [55]. 
There is usually a neurologic history of focal deficits, and the pro- 
gressive decline of mental function is usually more punctuated than 
in individuals with ATD. The presence of dementia depends on the 
location and the amount of brain loss. The patients are commonly 
hypertensive and often diabetic. CT studies may show local areas of 
low density and asymmetry of the lateral ventricles and sylvian fissure 
enlargement. It is difficult, however, to diagnose multiple infarct 
dementia radiologically because many patients thought to have mul- 
tiple infarct dementia by clinical evaluation do not show infarcts by 
CT or avascular areas by angiography [56]; and many patients with 
primary degenerative brain disease often show local low-density 
areas consistent with infarction [56-58]. 

Subcortical arteriosclerotic encephalopathy is a form of multiple 
infarct dementia. This condition was described by Binswanger in the 
late 19th century and is frequently referred to as Binswanger’s 
disease. It is a type of arteriosclerosis that particularly affects the 
vessels to the white matter about the ventricles and to the basal 
ganglia. Histologic changes show diffuse and/or localized demyeli- 
nation in the white matter about the lateral ventricles. Lacunar infarcts 
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Fig. 3.—Alzheimer's disease. A, B, and C, Scans of 74-year-old woman 
with 4-5 year history of progressive memory loss that had progressed markedly 
during past 6-12 months. Four of five siblings also had severe memory loss in 
their late 60s, which prevented them from functioning normally. A scan was 


C 


not taken through suprasellar cistern, but scans A and B do show widening of 
temporal horns., The most striking atrophic changes are widening of sulci of 
the temporal opercula and of anterior ends of sylvian fissures. 





Fig. 4.—Pick’s disease. A, CT scan of 52-year-old man with progressive 
memory impairment for 3-4 years that prevented him from functioning normally. 
He died 5 years later, and neuropathologic changes showed findings of Pick's 
disease. At time of CT, the bodies of the lateral ventricles were not large but 


the anterior ends of temporal horns showed asymmetrical widening. (Courtesy , 


may also be seen in the white matter and basal ganglia [59-61]. 
These patients are frequently hypertensive and commonly develop 
slowly progressive dementia, pseudobulbar palsy, and signs resem- 
bling parkinsonism. CT changes usually show a patchy decrease in 
density of the white matter about the lateral ventricles and widening 


of R. K. Rosales, Boston University Medical School and Boston VA Hospital, 
and E. P. Richardson, Jr., Harvard Medical School and Massachusetts General 
Hospital.) B and C, Scans of 70-year-old woman who was thought to have 
Pick’s disease. Scans show asymmetrical ventricular atrophy, particularly strik- 
ing in temporal region, suggestive of Pick’s disease. 


of the third and lateral ventricles and superficial sulci [60, 62, 63]. 
Local small areas of low density suggesting lucunar infarcts may also 
be seen. Figure 6 shows CT scans consistent with Binswanger’s 
disease, from a study of a hypertensive 71-year-old man with demen- 
tia. The patient was in cardiac failure and had diffuse arteriosclerotic 


AJR:147, November 1986 


Fig. 5.—Creutzfeldt-Jakob disease. A, Scan of 
43-year-old man who had a herpes zoster infection 
on his thorax 1 year previously, which cleared. He 
developed vertigo 7 months before hospital admis- 
sion. On admission to hospital, he was dysarthric, 
showed diplopia and horizontal nystagmus, and had 
a tremor. He soon became confused and developed 
jerking movements. B, Scan 3 months later. Patient 
was confused and incontinent. There was progres- 
sive widening of third and lateral ventricles com- 
pared with the study 3 months earlier. He also had 
a cyst of the septum pellucidum. 


Fig. 6.—Binswanger's disease. A, B, and C, Scans of 71-year-old man with 
hypertension and 5-month history of dementia. There is widening of third and 
lateral ventricles, including some asymmetrical enlargement of temporal horns. 


disease. Figure 7 shows head scans of a man who died at the age 
of 67 and whose CT and pathologic findings were consistent with 
global and Binswanger’s type of multiple infarct dementia. There was 
a history of mild hypertension, multiple episodes of difficulty of speech 
and gait, and progressive dementia over a period of nearly 20 years. 
Autopsy showed evidence of large infarcts in both cerebellar hemi- 
spheres and the right occipital lobe. Multiple lacunar and microscopic 
infarcts were present in the basal ganglia bilaterally, both hippocampi, 
throughout the cortex and both cerebellar hemispheres, and in the 
brainstem. There was also extensive disease in the white matter, 
particularly in the periventricular regions, consistent with Binswan- 
ger's disease. CT scans were repeated at intervals over a 10-year 
period; these clearly showed the larger infarcts that occurred in the 
cerbellar hemispheres and the right occipital lobe and ill-defined 
densities about the margins of the lateral ventricles. Suggestions of 
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There is suggestive evidence of small infarct in left thalamus. Suprasellar cistern 
was not significantly widened. The most striking changes are in white matter, 
about the bodies of the lateral ventricles. (Courtesy of M. Savoiardo, Milan.) 


small infarcts were reported in the pons and corona radiata. 
Another cause of vascular dementia is congophilic or primary 
amyloid angiopathy. This is a disease in which amyloid deposits 
develop in the walls of small vessels and may cause occlusion or 
necrosis of the vessels, in turn leading to hemorrhage [64-69]. 
Plaques occur similar to those found in multiple sclerosis (MS) and it 
has even been suggested that the disease may be a variant of MS 
[64]. Plaques are common in the periventricular white matter and 
have also been reported in the optic nerves, brainstem, and spinal 
cord. Some patients have shown evidence of systemic amyloidosis, 
and hemorrhage can occur in other organs, such as the gastrointes- 
tinal tract [64-65], as well as in the brain. Familial cases of amyloid 
angiopathy have been reported. Hemorrhages can occur in all the 
lobes of the brain, most being superficial or subcortical and some- 
times extending into the subarachnoid space. These hemorrhages 
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differ from those associated with arteriosclerotic hypertensive dis- 
ease, which more classically involves the basal ganglia, pons, and 
cerebellum [68]. The patients occasionally present with slowly pro- 
gressive dementia or, more frequently, with an intracerebral hemor- 
rhage. The changes on CT will of course depend on the form of the 
disease [70]. Scans taken after a large hemorrhage that invades the 
ventricles show the hemorrhage to be more often above the basal 
ganglia and at times to extend over the surface of the brain [68] (Fig. 
8). Patients presenting with dementia usually have demonstrated 
global atrophic changes and show the neuropathologic findings of 
ATD. If the temporal lobes are involved, the temporal horns are likely 
to be enlarged. Figure 9 shows CT scans of a 76-year-old man with 
progressive failure of intellect over a 4-year period. He was thought 
to have Alzheimer’s disease and was placed in a nursing home. When 
he died, the neuropathologic findings were those of extensive amyloid 
angiopathy, and there were insufficient neuritic plaques or neurofi- 
brillary tangles to classify the patient as having ATD. 


Hydrocephalic Dementia 


Hydrostatic hydrocephalus may also be responsible for dementia, 
and patients’ symptoms often clear after ventricular shunting. Spinal 
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Fig. 7.—Multiple infarct dementia and Binswan- 
ger’s disease. Scans of 67-year-old man with re- 
peated syncopal episodes and progressive demen- 
tia over a 20-year period. Tissue loss due to infarcts 
is clearly seen in cerebellar hemispheres (A) and in 
right posterior occipital region adjacent to enlarged 
occipital horn of lateral ventricle (B). C and D, Low 
densities are present in white matter about and 
above bodies of lateral ventricles secondary to mi- 
croangiopathic encephalopathy. Temporal horns 
were not significantly widened. 


cord tumors occasionally prove to be the cause of hydrostatic hydro- 
cephalus and dementia, both of which clear when the tumor is 
removed [71]. 

Some patients with hydrocephalus and dementia do not have 
elevated spinal fluid pressures and are classified as normal pressure 
hydrocephalus. Many of these treatable patients have obstruction of 
the CSF pathway outside the ventricles. Normal pressure hydroceph- 
alus may result from many causes, but the most common cause is 
probably previous hemorrhage or meningeal infection resulting in 
interference with absorption of the CSF. Normal pressure hydroceph- 
alus may also be caused by long-standing obstructive hydrocephalus, 
such as that resulting from aqueduct stenosis. 

Apart from dementia, the most common symptoms in patients with 
normal pressure hydrocephalus are gait disturbances and inconti- 
nence. Difficulty in walking appears to be particularly frequent, and 
decreased cognitive functioning may at times be mild [72]. The 
diagnosis is often difficult to make. Some patients found to have 
normal pressure hydrocephalus were originally diagnosed as having 
had lacunar strokes [73] or progressive arthritis and aging because 
of their increase in walking difficulty and decrease in cognitive function 
[74]. Normal pressure hydrocephalus has at times been found to be 
responsible for parkinsonian dementia [75-78]. 





Fig. 8.—Amyloid angiopathy with hemorrhage. 
Scans of 62-year-old, nonhypertensive man who 
had been in good health but suddenly developed a 
hemorrhage in right temporal lobe (A). Angiogram 
was normal except for showing a mass effect. The 
clot was evacuated, and patient recovered but de- 
veloped mild hypertension. One year later a hem- 
orrhage occurred in right frontal lobe, extending 
into ventricle (B). Angiograms were again normal 
except for a mass effect. The clot was evacuated 
and a biopsy of adjacent cerebral tissue and lepto- 
meninges showed intramural amyloid deposits con- 
sistent wtih amyloid angiopathy. Patient developed 
a superficial hemorrhage in left frontal lobe 2 weeks 
later. 


Fig. 9.—Amyloid angiopathy without hemor- 
rhage. A-D, Scans of 76-year-old man with pro- 
gressive dementia over a 4-year period. He was 
thought to have Alzheimer’s disease and placed in 
a nursing home. He died 3 months after the CT 
study. Neuropathologic studies showed evidence 
of extensive amyloid angiopathy, but there were 
insufficient neuritic plaques or neurofibrillary tangles 
to make a diagnosis of Alzheimer’s disease. (Cour- 
tesy of Eric D. Caine, University of Rochester Med- 
ical School, Rochester, NY.) 
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Cisternography shows abnormal CSF flow, but this may also be 
found in patients with degenerative brain disease [79, 80]. Removal 
of a small amount of CSF by spinal puncture may improve the 
symptoms of patients with normal pressure hydrocephalus; when 
this occurs, it is a good sign that the patient may be helped by 
shunting fluid from the ventricles [72]. 

Visualization of the anterior ends of the temporal horn is usually 
the earliest sign of hydrostatic hydrocephalus, unless it is caused by 
a centrally located lesion, such as an expanding third ventricle tumor, 
which may compress the tips of the temporal horns and prevent their 
enlargement. The temporal horn tips are usually rounder and wider 
in patients with hydrostatic hydrocephalus than in patients with 
primary degenerative disease of the brain, but it is sometimes difficult 
to separate the two disease states by CT. At times, a low density is 
seen about the margins of the lateral ventricles, particularly the frontal 
horns, which is thought to be caused mainly by leakage of CSF 
through the ventricular walls. The third and lateral ventricles are 
usually larger in patients with normal pressure hydrocephalus than in 
patients with primary degenerative dementia. On CT studies, the 
frontal horn ratio (i.e., the width of the frontal horns divided by the 
internal diameter of the vault at the same level) is often over 0.5 in 
patients with normal pressure hydrocephalus, which is much less 
common in patients with ATD [81]. The superficial sulci over the 
hemispheres and the cisterns about the midbrain and in the supra- 
sellar region tend to be less prominent in patients with normal 
pressure hydrocephalus than in patients with ATD. Figure 10 is a 
scan of a patient who presented with difficulty walking and diminished 
cognitive function who improved with shunting of CSF from the 
ventricles. 


Posttraumatic Dementia 


Ventricular enlargement and widening of superficial sulci are often 
seen by CT after closed head injuries [82-84], but severe reduction 
of intellectual function is not a common sequel. ATD has been 
reported after head injuries, usually, but not always, in elderly individ- 
uals [84]. Neuropsychiatric symptoms and evidence of cerebral atro- 
phy by CT have been reported in young torture victims [85]. 
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Dementia pugilistica, a dementia occurring in boxers, appears to 
be related to the length of the boxer’s career and to the evidence of 
brain damage occurring during the fights [86]. Neuropathologic stud- 
ies usually show some enlargement of the lateral ventricles and 
fenestration, and sometimes large cysts of the septum pellucidum. 
There may also be thinning of the corpus callosum and scarring of 
the lower surface of the cerebellum. Neurofibrillary tangles are often 
seen in the cerebral cortex and brainstem, but especially in the gray 
matter of the medial temporal lobes [82, 87]. CT studies [86-88] 
usually show rather striking ventricular enlargement; large cysts of 
the septum pellucidum may be apparent, and sometimes expansion 
of a cavum vergae as well. The temporal horns are often enlarged. A 
clinical history of repeated head trauma should help to differentiate 
the changes of dementia pugilistica from those seen in patients with 
ATD. 

Figure 11 shows CT scans of a 77-year-old man who presented 
with ataxia, memory loss, and diminished cognitive function. When 
the question of dementia pugilistica was raised by CT, the attending 
physician at first denied that his patient had any history of boxing. 
On further questioning, however, the patient admitted that he had 
boxed in his youth but had quit during his twenties because of head 
injuries. 


Huntington's Chorea 


This is a well-known hereditary disease characterized by the 
development of progressive choreiform movements and dementia. It 
usually becomes manifest in adult life although it is occasionally seen 
in young children. The basal ganglia, cerebral cortex, and white matter 
are involved, but the caudate nuclei, particularly, become shrunken 
as the disease progresses. CT studies usually show progressive 
widening of the intercaudate region of the lateral ventricles [89-91]. 
The extent of the caudate atrophy does not necessarily parallel the 
apparent Clinical stage of the disease, and patients may have gross 
dementia although their CT scans appear relatively normal. A positive 
family history is an important aid in the diagnosis of Huntington's 
chorea, and it is has been reported that Huntington's patients have 
decreased levels of gamma aminobutyric acid (GABA) in their CSF, 
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Fig. 10.—Normal pressure hydrocephalus. A, B, and C, Scans of 87-year- 
old man with normal pressure hydrocephalus who presented with walking 
difficulty. Frontal horn ratio was over 0.5. Temporal horn tips are very prominent, 


C 


and there are areas of low densities about lateral ventricles. Sulci were not 
prominent over the hemispheres. 


AJR:147, November 1986 


Fig. 11.—Dementia pugilistica. A and B, Study 
of a 77-year-old man with ataxia, memory loss, and 
some decrease in brain function. Patient had been 
a boxer in his youth. Temporal horns are very 
prominent and there is a large cyst of the septum 
pellucidum. 


A 


which can help confirm the diagnosis [92]. Huntington's disease has 
now been found to be linked to a DNA fragment of chromosome 4 
[93, 94]. It is probable that soon it will be possible to identify persons 
who are at high risk for the disease. Chromosomal studies may also 
lead to effective treatment [95]. 

Figure 12 is a CT scan of a 37-year-old woman with Huntington’s 
chorea. There was a family history of the disease, she had a severe 
movement disorder, was demented, and had a decrease of GABA in 
her CSF. 


Dementia Associated with Metabolic Disorders 


Dementia, which is often reversible, may be caused by metabolic 
disorders of the nervous system [96]. One not uncommon condition 
is the Wernicke-Korsakoff syndrome, which is associated with alco- 
holism. These patients often show unsteadiness of gait and a marked 
memory deficit that is thought to be related primarily to a thiamine 
deficiency [97]. Histologically, lesions are seen in the thalamus and 
hypothalamus at the margins of the third ventricle and also in the 
cerebellum, particularly in the vermis and in the floor of the fourth 
ventricle. CT studies usually show widening of the CSF spaces, 
including the temporal horns of the lateral ventricles and vermal sulci 
of the cerebellum. Although they resemble the changes of ATD in 
some respects, the temporal lobe alterations are usually not as 
striking in patients with metabolic disorders. PEG [98, 99] and CT 
Studies of chronic alcoholics have often shown the third ventricle to 
be strikingly widened. Figure 13 shows CT scans of a 32-year-old 
chronic alcoholic who entered the hospital mentally confused and 
with severe difficulty walking. Alcoholics are particularly susceptible 
to trauma resulting in head injuries, and evidence of asymmetrical 
tissue loss may be seen on CT scans. The ventricles and sulci of 
chronic alcoholics can return to normal, or near normal, size if alcohol 
intake is greatly reduced [100, 101]. Marchiafava-Bignami disease is 
a rare disorder sometimes seen in chronic alcoholics. It was first 
reported in Italy and thought to be caused by certain wines. It is 
associated with loss of tissue in the corpus callosum and usually also 
some lesions are present in the white matter. Evidence of lesions in 
the corpus callosum have been reported by CT in two patients who 
died of the disease [102]. 

Decreased brain function is sometimes seen in patients with Cush- 
ing’s disease and other illnesses associated with increased steroid 
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Fig. 12.—Huntington’s chorea. Scan of 37-year-old 
woman with severe movement disorder and decreased 
mental functioning. There is marked widening of inter- 
caudate distance (arrows), which is nearly as wide as 
frontal horns anterior to caudate nuclei. An earlier 
scan, taken when her symptoms were developing, 
showed no obvious widening of intercaudate distance. 


levels in the body [103]. CT changes in these individuals can resemble 
those seen in patients with ATD; as in alcoholics, however, the brain 
changes are less striking, and are often reversible when the cause of 
the metabolic changes is eliminated. Similar CT changes also may 
occur in individuals who are malnourished or are in renal failure or 
are receiving chemotherapy for cancer. Figure 14 shows the CT scan 
of a young man with carcinoid tumor of the ileum and metastasis to 
the liver. He had increased 5-hydroxyindol acetic acid in the urine 
resulting from increased serotonin in the body. 

Hypoxic encephalopathy is often a more serious form of metabolic 
disorder of the nervous system and usually causes some permanent 
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damage to the brain. It may occur after severe respiratory and heart 
disease or exposure to chemical poisoning, such as carbon monoxide 
inhalation, or after the ingestion of methyl alcohol. Neuropathologic 
studies usually show changes particularly in the globus pallidus, 
cerebellum, and hippocampus. Clinical symptoms depend on the 
degree of brain damage; memory loss is frequent. CT studies, besides 
showing well-defined, low-density lesions in the basal ganglia may 
also show widening of the temporal horns of the lateral ventricles 
[104]. 


Discussion 


Less than 15 years ago the diagnosis of mental illnesses 
depended mainly on clinical criteria, aided by plain x-rays of 
the skull and PEG. CT has revolutionized the diagnostic 
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Fig. 13.—Alcoholism. A and B, Scans of 32- 
year-old male chronic alcoholic, who entered hos- 
pital confused and had marked gait difficulty. Third 
ventricle, sulci, and fissures are strikingly widened, 
and there is also some widening of temporal horns 
of lateral ventricles. 


Fig. 14.—Carcinoid tumor. A and B, Scans show 
some widening of CSF spaces in 27-year-old man 
with carcinoid tumor of the ileum and liver metas- 
tasis. Patient had periods of flushing of the face 
and intermittent diarrhea for many months and 
showed some changes in mental status. Widening 
of suprasellar cistern and temporal horns are not 
as striking as is commonly seen in patients with 
Alzheimer's type dementia. 


capabilities in this area. Positron emission tomography (PET) 
is another relevant addition to the imaging of mental disease. 
PET studies [105-107] have shown hypometabolism, espe- 
cially in the parietal regions, in patients with ATD compared 
with age-matched controls. The findings cannot be consid- 
ered entirely diagnostic, since similar changes have been 
reported with Creutzfeldt-Jakob disease [108]. PET is also 
able to show, in patients with Huntington’s disease, de- 
creased activity in the caudate nuclei. This becomes evident 
before any changes are seen by CT, and it may help predict 
the likelihood of young family members developing the dis- 
ease [105, 107]. In conjunction with CT studies, it is also 
helpful in the study of patients with strokes [109, 110]. PET 
is a developing field [111]. MRI is rapidly proving valuable in 
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the diagnosis of mental illnesses, and many small lesions can 


be seen with it that are not seen by CT. It will probably be 
some time, however, before enough data are collected from 
patients with global degenerative brain disease to utilize MRI 
to its greatest advantage. 

A decrease in mental functioning in adult life may result 
from innumerable causes such as depression, endocrine dis- 
orders, systemic illnesses, drugs, toxins, and space-occupy- 
ing lesions that may be successfully treated [96]. Alzheimer’s 
disease is presently the most common dementing illness seen. 
Although global atrophic changes may be observed in brains 
of Alzheimer patients, the most striking alterations are seen 
in the temporal lobes. If on CT of a patient suspected of 
having ATD one does not see enlargement of the temporal 
horns, a tenacious search should be made for another cause 
of the dementia. Some scientists have suggested that ATD 
may be caused by a slow virus, but the difference in CT 
findings between patients with ATD and those with Creutz- 


' feldt-Jakob disease would suggest they are not caused by 


similar pathogens. CT, at present, is valuable in diagnosing 
not only space-occupying treatable lesions, but also in diag- 
nosing primary degenerative brain diseases. 
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Clinical Diagnostic Ultrasound, Edited by E. Barnett and P. Morley. Oxford: Blackwell Scientific Publ., 617 pp., 
1985. $216 


The technology of ultrasound has changed tremendously over the 
past 5 years, and it is difficult to incorporate all of the latest devel- 
opments into a timely textbook. This may explain the paucity of 
books dealing with the entire field. 

This book covers the whole of diagnostic ultrasound, including 
sections on instrumentation; eye and orbit; heart; vascular system; 
small parts; abdomen, gastrointestinal tract, and peritoneum; liver 
and pancreas; spleen and lymphatic system; renal tract; obstetrics, 
gynecology; and pediatrics, with detailed chapters in each section. 
The writing is clear and well organized. However, as with any mul- 
tiauthored text, there is a considerable lag-time between writing and 
publication. Thus, while some chapters are fairly up-to-date, many 
are less current, with few references beyond 1980. The images are 
adequate to good: few are state-of-the-art. 

The chapter on apparatus and scanning techniques is comprehen- 
sive, clearly worded, and easily understood. The second chapter, 
including volume measurements, needle-puncture techniques, radio- 
therapy planning, and tissue characterization is an odd combination. 
Information on volume measurement, which is dependent for the 
most part on B-scanning, could have been included in the sections 
on the specific organs measured. An expanded section on percuta- 
neous biopsy and puncture techniques would be useful, since these 
procedures are so much in demand today. 

In the United States, most radiologists do not perform ultrasound 
examinations of the eye. The four chapters on the subject are 
interesting and well written, and serve to make the book complete. 
However, some of the techniques described have been changed 


because of newer equipment. In this country, CT has supplanted 
ultrasound in the evaluation of the orbit. 

The strongest chapters are those on congenital heart disease; 
abdomen, gastrointestinal tract, and peritoneum; bladder and pros- 
tate; uterus, ovaries; pelvic inflammatory disease; and fetal anomalies. 
These are well written, clinically useful, and well illustrated. Several 
chapters suffer from lack of recent information, notably those on early 
pregnancy; late pregnancy; breast (which is well written, but contains 
no references beyond 1977, and should include data from some of 
the more recent screening studies); acute abdomen, especially the 
section on ectopic pregnancy; pancreas (excellent discussion of 
anatomy, but not current technique). 

Aside from problems regarding out-of-date techniques or data, this 
reviewer disagreed with the text in few areas. | must take issue with 
the statement on page 379 that “... the ultrasound appearances of 
the various focal lesions (in the liver) are usually specific.” Although 
ultrasound is certainly a sensitive test in many clinical situations, | 
would hesitate to call it specific in evaluating liver lesions. 

This book is well written with much Clinical information. It would 
be useful in a department or hospital library for general background 
information from specific chapters. For a personal library, however, 
one may be better advised to obtain more recent publications, nar- 
rower in scope but more suitable for specific needs. 


Beverly A. Spirt 
SUNY Health Science Center at Syracuse 
Syracuse, NY 13210 
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Neuroradiologic Findings in 
AIDS: A Review of 200 Cases | 





The radiologic studies of 200 consecutive AIDS patients with neurologic symptoms 
were evaluated to determine their diagnostic specificity and prognostic value. Of 81 
patients with initially normal CT scans, four (5%) later developed progressive neurologic 
illness. Of 75 patients with CT evidence of diffuse cerebral atrophy, 12 (16%) later 
developed CT abnormalities or had postmortem CNS disease. CT scans showed mass 
lesions initially in 44 patients and later in an additional seven patients. Although 
toxoplasma gondii infection was the most frequent cause of these lesions, the CT 
characteristics of cerebral toxoplasmosis are too nonspecific to warrant diagnosis 
without biopsy. Preliminary evidence suggests that MRI may be more sensitive than CT 
in detecting intracranial disease in patients with AIDS. 


As AIDS has become more widespread, it has become apparent that the 
neurologic manifestations of this disease are common: 39% of patients with AIDS 
have neurologic symptoms and 10% have these symptoms as their initial complaint 
[1-3]. Some of the neuroradiologic findings in AIDS patients have been described 
in earlier reports [4-7]. With dramatically increased numbers of such patients has 
come greater experience in neuroradiologic evaluation of AIDS, particularly with 
respect to the neuropathologic correlates of the radiologic findings. In this report, 
we describe the neuroradiologic findings in 200 AIDS patients with neurologic 
symptoms who were evaluated at the San Francisco General Hospital or the 
University of California Medical Center, San Francisco, from 1983 to 1985. The 
neuroradiologic studies were evaluated to determine their diagnostic specificity and 
prognostic value in this patient population. 


Materials and Methods 


The neuroradiologic studies of 200 consecutive patients with AIDS and neurologic symp- 
toms were reviewed. Histopathologic examination of tissue obtained by biopsy or at autopsy 
was performed in 40 patients; the remaining 160 patients were followed for up to 2 years. 
The patients were all homosexual men ranging in age from 23 to 60 years, and the majority 
(56%) were in the fourth decade of life. The diagnosis of AIDS was made according to the 
criteria established by the Centers for Disease Control [8]. 

The CT scans were obtained with a GE 8800 or GE 9800 CT/T scanner using standard 
techniques; slice thickness was 10 mm. intravenous contrast material (average dose, 42 g/l) 
was administered up to 30 min before scanning in all patients; double-dose contrast enhance- 
ment was not used. MRI was performed using a spin-echo technique on a Diasonics imager 
with a 0.35-T superconducting magnet. The T1-weighted scans were obtained with TR = 
500 msec and TE = 28 msec; for the T2-weighted images, TR = 2000 msec and TE = 56 
msec. A total of 240 CT scans and six MRI scans were obtained. 


Results 


The neuroradiologic findings defined three groups of patients (Table 1). The first 
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TABLE 1: Initial CT Findings vs Outcome in 200 Patients with 
AIDS 





New CNS 


Initial CT No. of : Risk of 
nae CT Abnormality ee 
Findings Patients Lesions at Autopsy Progression 
Normal 81 2 2 4/81 (5%) 
Atrophy iS 5 7 12/75 (16%) 
Focal lesion 44 N/A 29 N/A 


* Defined as the percentage of patients who later developed focal lesions on CT scans 
or who had significant neuropathologic findings at autopsy. 


TABLE 2: Histopathologic Diagnoses and CT Findings in 45 
Patients with AIDS 





CT Findings 
No. of 


Diagnosis Patients 


Focal 
Lesions 


Atrophy 
Normal Only 


Toxoplasma gondii 22° 22 
T. gondii + primary 
CNS lymphoma 5 
Primary CNS lym- 
phoma 3 
Kaposi’s sarcoma 2 1° 
Leukoencephalopathy 2 
Herpes simplex |! 2 
Herpes simplex | & 
cytomegalovirus 1 1 
Cryptococcus neofor- 
mans 2 
Coccidioides immitis 1 
1 
1 


— AD i =i 


wand, 


Candida albicans 

Sterile abscess 

Nondiagnostic biopsy 
(gliosis, inflam- 
mation) 3 3 
Total 45 2 6 37° 


* Includes five patients with compelling clinical evidence of cerebral toxoplasmosis but 
without histopathologic confirmation. 

CT scans performed severa! months before autopsy. 

€ Fourteen additional patients had focal lesions on CT, but no biopsy or autopsy was 
performed. 


group consisted of 81 patients (40.5%) whose initial CT scans 
were normal. In two of these patients, CT scans obtained 6 
and 32 days later, respectively, showed multiple bilateral 
lesions representing cerebral toxoplasmosis. In two additional 
patients, postmortem examination revealed CNS disease: one 
was found to have diffuse lymphoma 3 months after a normal 
CT scan had been obtained; the second, who died several 
months after his single CT scan showed no abnormalities, 
had metastatic Kaposi’s sarcoma. Thus, 77 of these 81 
patients had no progression of their neurologic symptoms 
and no.CT abnormalities during follow-up. 

The second group consisted of 75 patients (37.5%) whose 
initial CT scans showed evidence of diffuse cerebral atrophy 
only. Five of these patients later developed focal lesions on 
CT that were shown to be caused by Toxoplasma gondii 
infection. At postmortem examination, seven additional pa- 
tients were found to have CNS disease, including two cases 
of cryptococcal meningitis, two cases of herpes simplex 
encephalitis, and one case each of toxoplasmosis, coccidioi- 
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domycosis, and primary CNS lymphoma. Sixty-three of the 
75 patients had unchanged repeat CT scans or remained 
neurologically stable during follow-up. 

The third group included 44 patients (22%) who had one 
or more focal lesions, with or without concomitant atrophy, 
on initial CT scans. Thus, a total of 51 patients (including 
seven patients from groups 1 and 2) had focal lesions that 
were detected on initial or subsequent CT scans. Neuropath- 
ologic diagnoses, obtained at autopsy or by biopsy, were 
available for 29 of these patients; compelling clinical diag- 
noses were made in five patients. No diagnosis was available 
for 17 patients who either refused biopsy or autopsy or were 
lost to further clinical follow-up. 

The histopathologic diagnoses and CT findings in 40 pa- 
tients (20%) who had a biopsy or postmortem examination 
are listed in Table 2; the five patients with compelling clinical 
evidence of cerebral toxoplasmosis, including positive serum 
and CSF titers and an objective clinical response to chemo- 
therapy, but without histopathologic confirmation, are also 
included in this table. Infection with T. gondii was the most 
frequent histopathologic diagnosis, either alone (17 patients) 
or in conjunction with primary CNS lymphoma (five patients). 
There were no demonstrable differences in the CT scans of 
patients with toxoplasmosis only and those with toxoplas- 
mosis and lymphoma. The most common CT finding associ- 
ated with toxoplasmosis was a large low-density area that 
showed ring enhancement upon injection of contrast material 
(18 of 27 patients, 68%) (Fig. 1). These lesions were multiple 
in 11 patients and the most common site was within the basal 
ganglia (20 patients, 75%) (Fig. 2). The mass effect of basal 
lesions often resulted in compression of the third ventricle, 
dilatation of the lateral ventricles, and obliteration of the 
sylvian fissures (Fig. 3). Smaller low-density lesions that 
showed variable enhancement after injection of contrast ma- 
terial were noted in 16 of these 27 patients (Fig. 4). 

in eight patients with toxoplasmosis and focal abnormalities 
other than ring-enhancing lesions, the CT scans showed 
single or multiple hypodense areas with less mass effect. 
These hypodense lesions were usually peripheral rather than 
central, and in the majority of cases there was slight enhance- 
ment adjacent to the lesion, usually around its cortical surface 
(Fig. 5). In two patients the CT scans showed high-density 
areas within low-density lesions (Fig. 6) that enhanced ho- 
mogenously upon injection of contrast medium; these findings 
were thought to represent hemorrhage into necrotic lesions 
and were confirmed by histopathologic evaluation in both 
cases. One additional patient had CT evidence of ventricular 
dilatation only; postmortem examination 24 hours later re- 
vealed diffuse cerebral toxoplasmosis. Most of the patients 
with toxoplasmosis had CT evidence of atrophy. 

Eighteen patients in whom histopathologic data are avail- 
able did not have toxoplasmosis, either alone or with lym- 
phoma (Table 2). Of three patients with primary CNS lym- ` 
phoma, one had bilateral, small ring-enhancing lesions in the 
paraatrial regions (Fig. 7), one had evidence of atrophy, and 
the third had a normal CT scan 2 months before his autopsy 
diagnosis. One patient with metastatic Kaposi's sarcoma had 
a single diffusely enhancing mass lesion in the right frontal 
lobe; the second patient with Kaposi's sarcoma had a normal 
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Fig. 1.—Toxoplasmosis abscess. Single ring- 


Fig. 2.—Bilateral toxoplasmosis abscesses. A, Normal scan. B, Bilateral ring-enhancing lesions with surround- 


enhancing lesion in left thalamus with extension ing edema 30 days later. Note compression of third ventricle. 


to upper brainstem and into right thalamus as 
well. 


B mans 


ee 
lt ae Xe Sol : 


Fig. 3.—Multifocal toxoplasma abscesses. A, Right frontal nonenhancing and left basal ganglia ring- 
enhancing lesions with secondary compression of third ventricle and slight hydrocephalus. B, Near-complete deep and peripheral ring-enhancing lesions with and 


resolution of all abnormalities after 20 days of therapy. 


CT scan several months before his autopsy diagnosis. Leu- 
koencephalopathies were diagnosed in two patients. In one, 
CT scans showed widening of the frontal horns and bilateral 
low density of the adjacent white matter; these changes were 
more vividly displayed on MRI scans (Fig. 8). Neuropathologic 
evaluation at autopsy revealed a bifrontal leukoencephalitis 
characterized by demyelination and multinucleated giant cells. 
The second patient, in whom progressive multifocal leuko- 
encephalopathy was diagnosed both by biopsy and at au- 
topsy, had bilateral low-density areas near the external cap- 





Fig. 4—Multifocal toxoplasma abscesses. Multiple 


without edema. 


sules without mass effect. One patient with herpes simplex 
type Il encephalitis had bilateral low-density mass lesions with 
enhancement adjacent to the sylvian fissures; in the 
other patient with herpes simplex Il and in the patient with 
mixed herpes simplex | and cytomegalovirus encephalitis, CT 
scans showed atrophy. Cerebral atrophy only was noted on 
the CT scans of the two patients with cryptococcal meningitis 
and the patient with coccidioidomycosis. The patient with 
Candida albicans infection had CT scans showing persistent, 
multiple, bilateral ring-enhancing lesions. The CT findings in 


980 LEVY ET AL. 


AJR:147, November 1986 





A B 


C 


Fig. 5.—Atypical toxoplasmosis. A and B, CT scans showing left parietal edema with gyral enhancement and compression of left lateral ventricle. C, MRI scan 
obtained with spin-echo sequence (TR = 2000 msec, TE = 56 msec) on same day shows additional lesions in right corona radiata and in left occipital lobe (arrows). 


A 


the patient whose brain abscess was culture-negative con- 
sisted of bilateral ring-enhancing lesions in the vicinity of the 
basal ganglia and a solid lesion in the left parietal lobe; this 
scan was indistinguishable from those of patients with cere- 
bral toxoplasmosis. 

Histopathologic diagnoses were not available in 22 patients 
with focal lesions on CT. Five patients had compelling clinical 
evidence of cerebral toxoplasmosis. The remaining 17 pa- 
tients had CT evidence of atrophy and small, usually nonen- 
hancing, hypodense lesions distributed throughout the brain. 
None of these patients came to biopsy or postmortem ex- 
amination; only one underwent serial CT scanning, which 





Fig. 6.—Hemorrhagic toxoplasmosis. A and B, 
Noncontrast scans showing bilateral low-density 
lesions containing focal areas of hemorrhage, which 
were confirmed at autopsy. Note mild left-to-right 
shift caused by mass effect of large left postero- 
parietal lesion. 


showed no significant change in the cerebral lesions over 3 
months. 


Discussion 


The increasing number of AIDS patients and the high 
incidence of neurologic manifestations in this syndrome have 
led to a rapid increase in the frequency of neuroradiologic 
evaluation in patients with AIDS. Because these patients may 
have neurologic abnormalities seldom found in immunocom- 
petent patients, and because the neuroradiologic findings are 
often confusing and nonspecific, it is particularly important to 


AJR:147, November 1986 





Fig. 7.—Lymphoma mimicking toxoplasmosis. En- 
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Fig. 8.—Bifrontal leukoencephalitis. MRI shows widening of frontal horns and bilateral increases in signal 


hanced scans show bilateral ring-enhancing lesions intensity of adjacent white matter. A, T1-weighted scan; TR = 500 msec, TE = 28 msec. B, T2-weighted 
with surrounding edema that is indistinguishable from scan; TR = 2000 msec, TE = 56 msec. 


toxoplasma abscesses. 


correlate such findings with the natural history and histopa- 
thology of AIDS-related neurologic illnesses. 

Of the 200 patients in this study, those who had initially 
normal CT scans constituted the largest group. Two of these 
81 patients developed CT changes consistent with a diagno- 
sis of toxoplasmosis; at autopsy, one additional patient was 
found to have primary CNS lymphoma and another had 
metastatic Kaposi's sarcoma. Thus, only four of 81 patients 
(5%) with initially normal CT scans later developed CT or 
histopathologic evidence of neurologic disease. 

Patients with initial CT evidence of atrophy only (group 2) 
appeared to be at higher risk. Most of these patients were 
young, and there is little doubt that their atrophy was related 
to AIDS and not to normal aging. In all but three cases, the 
ventricular dilatation was proportional to the widening of the 
sulci and fissures. Recent studies have demonstrated a high 
incidence of primary CNS infection with human T-lympho- 
tropic virus type III (HTLV-lIIl), the virus thought to be causally 
related to AIDS [10]. As it has been suggested that such 
infection frequently may be the cause of encephalopathy in 
AIDS patients [11], it is possible that the cerebral atrophy 
seen in AIDS patients in whom additional cerebral abnormal- 
ities have not been identified may reflect infection with HTLV- 
lll. Five of the 75 patients in this group subsequently devel- 
oped cerebral toxoplasmosis that was evident on CT scans; 
seven other patients developed lesions that were found at 
autopsy, including cryptococcal meningitis in two, herpes 
simplex encephalitis in two, and toxoplasmosis, coccidioido- 
mycosis, and primary CNS lymphoma in one each. Thus, of 
75 patients in whom the initial CT scans showed evidence of 
atrophy only, 12 (16%) developed further neurologic abnor- 
malities that were detected by repeat CT scanning or post- 
mortem examination. 

Once the presence of focal abnormalities on the CT scan 


was established, evaluation of further scans was complicated 
by variations in treatment administered by different physi- 
cians, by patient compliance, and by the duration of follow- 
up. Therefore, the presence of new lesions on subsequent 
CT scans probably does not reflect the sensitivity or the 
prognostic value of such studies in our patients. 

Previous studies by ourselves and others [1, 3, 6] have 
indicated the high incidence of cerebral toxoplasmosis in 
patients with AIDS. In the present study, toxoplasmosis was 
the most common histopathologic diagnosis. Most patients 
with T. gondii infection appear to have characteristic CT 
findings, especially low-density mass lesions in the basal 
ganglia that enhance upon injection of contrast medium; these 
lesions are often multiple and bilateral and may develop 
rapidly. In two patients, follow-up CT scans demonstrated 
characteristic lesions 6 and 32 days, respectively, after normal 
CT scans had been obtained (Fig. 2). 

The response of cerebral toxoplasmosis to pyrimethamine 
and sulfadiazine varied in degree and in latency. CT scans 
showed resolution of lesions as early as 20 days and as late 
as 6 months after the initiation of treatment (Fig. 3). Despite 
therapy, complete resolution was not the rule. Patients whose 
lesions did disappear with therapy usually had persistent CT 
evidence of atrophy. Double-dose contrast enhancement was 
not used in this study, however; it is possible that nonen- 
hancing lesions or “completely resolved” lesions might have 
shown enhancement with such a technique [6]. Our experi- 
ence also indicates that despite resolution of lesions on CT 
scans, cerebral toxoplasmosis will recur when treatment is 
discontinued. We have therefore recommended that once a 
diagnosis of toxoplasmosis has been established, lifelong 
antibiotic therapy should be administered [1]. 

Although it is tempting to suggest that AIDS patients with 
CT evidence of mass lesions be treated empirically for toxo- 
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Fig. 9.—Atypical toxoplasmosis. A, Homogeneously enhancing right temporal lobe lesion with surrounding 


AJR:147, November 1986 





Fig. 10.—Mixed toxoplasmosis and lymphoma. 


edema. B, Scan obtained 2 months later, during treatment for toxoplasmosis, shows a new left temporopa- Large peripheral ring-enhancing right frontal lesion 


rietal ring-enhancing lesion with surrounding edema. Original lesion in right temporal lobe has resolved. 


plasmosis, our experience indicates that this would be un- 
wise. One patient, for example, whose CT scans showed 
lesions thought to be typical of cerebral toxoplasmosis was 
found to have primary CNS lymphoma. Another patient, while 
receiving empiric treatment for toxoplasmosis, developed new 
lesions after the initial focal abnormalities had resolved almost 
completely. This clinical picture suggests the emergence of 
another disease (Fig. 9). Five of six patients with multiple 
intracranial abnormalities had toxoplasmosis in addition to a 
second process; these processes were identified within the 
same lesion by needle biopsy in three patients and were in 
different sites in each of the other three. Therapy for toxo- 
plasmosis alone would leave the second disease untreated. 
Therefore, biopsy appears to be necessary in all AIDS patients 
with CT evidence of mass lesions. If a patient has evidence 
of progression on subsequent CT scans, additional biopsies 
may be necessary to rule out the presence of multiple simul- 
taneous intracranial diseases [12]. 

Lymphoma was the second most common pathologic find- 
ing in this series. Of the three patients with primary CNS 
lymphoma, one had a normal scan, one had atrophy only, and 
the third had bilateral ring-enhancing lesions that mimicked 
toxoplasmosis (Fig. 7). There were no differentiating features 
on CT to distinguish patients with toxoplasmosis from those 
with toxoplasmosis and lymphoma (Fig. 10). In contrast, 
progressive multifocal leukoencephalopathy can usually be 
distinguished from toxoplasmosis on CT scans by the ab- 
sence of mass effect and enhancement and by the limitation 
of lesions to the white matter. These features were seen on 
the CT scans of the patient with progressive multifocal leu- 
koencephalopathy and on the scans of the patient with bi- 
frontal leukoencephalitis. 


with surrounding edema and subfalcine herniation. 
This scan is indistinguishable from scans of patients 
with toxoplasmosis alone. 


In several patients whose CT scans were normal, autopsy 
revealed CNS disease. There are several possible explana- 
tions for this apparent insensitivity of CT scanning. The first 
is a lengthy interval between CT scanning and postmortem 
diagnosis, which occurred in three of our cases. One patient 
with cryptococcal meningitis, whose initial CT scan showed 
only atrophy, developed a cryptococcoma that was discov- 
ered at autopsy 3 months later; two patients with normal CT 
scans were each found several months later to have a mass 
lesion (metastatic Kaposi's sarcoma and primary CNS lym- 
phoma) that may well have been detected by follow-up CT 
scans. A second possible explanation is that toxoplasmosis, 
particularly in profoundly immunocompromised patients, fre- 
quently causes diffuse encephalitis without a secondary re- 
action. Thus, the brain is overwhelmed with T. gondii, but 
there is no abscess or focal lesion. In one patient, the pres- 
ence of diffuse toxoplasma encephalitis without focal abscess 
formation was confirmed by autopsy 1 day after a normal CT 
scan had been obtained. A third possibility, which probably 
reflects an inherent limitation of this imaging technique, is that 
CT is insensitive despite the presence of local reaction. We 
have documented this with combined MRI and autopsy stud- 
ies. Lesions missed by CT scans have ranged in size from a 
few millimeters to 2 cm or larger. 

There is some indication that MRI may be more sensitive 
than CT in detecting intracranial abnormalities in patients with 
AIDS [1, 9]. All six MRI scans obtained in this series showed 
abnormalities that were not demonstrated by CT. In one 
patient with a normal CT scan, MRI showed multiple focal 
lesions; biopsy of these lesions led to the diagnosis of toxo- 
plasmosis. Three of the patients who had MRI scans had CT 
evidence of atrophy only: in one, MRI demonstrated high 
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signal intensity throughout the white matter of both cerebral 
hemispheres, which was found at autopsy to represent leu- 
koencephalopathy, and in the other two demonstrated focal 
lesions that have yet to be identified. One patient with toxo- 
plasmosis had atypical findings on the CT scan; MRI revealed 
several lesions that were not evident on the CT scans (Fig. 
5). Thus, it appears that MRI may be a valuable supplement 
to CT, especially when the CT scan shows evidence of 
atrophy only. 

This study indicates that many AIDS patients with neuro- 
logic symptoms have normal CT scans and little risk of 
neurologic progression. In patients with CT evidence of diffuse 
cerebral atrophy, which in itself is nondiagnostic, there is a 
significant risk of neurologic and radiologic progression. Al- 
though 7. gondii infection is the most frequent finding in 
patients with CT evidence of mass lesions, many diseases 
can mimic the CT appearance of toxoplasmosis, and AIDS 
patients often have multiple simultaneous intracranial abnor- 
malities. Thus, it is unwise to assume that these lesions are 
caused by 7. gondii, and biopsy is therefore recommended. 
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Nuclear Medicine in Clinical Oncology. Current Status and Future Aspects. Edited by Cuno Winkler, New York: 


Springer-Verlag, 402 pp., 1986. $90 


The tumor symposium of the European Society of Nuciear Medi- 
cine, held in May 1985 in Bonn, Federal Republic of Germany, 
assembled international experts on diagnostic and therapeutic nu- 
clear medicine procedures used in the evaluation and management 
of the cancer patient. Although much of the material presented is not 
new and is available, often in a more detailed and organized format 
in other sources, the published proceedings consolidate this infor- 
mation and introduce contributions to German investigators, much of 
which is not available in the United States. The book is divided into 
sections dealing with conventional nuclear medicine procedures, re- 
ceptor imaging, immunoscintigraphy, and the latest advances in the 
high technology fields of positron emission tomography (PET) and 
MR imaging. The overviews provided at the beginning of each section 
vary in scope and quality, but in general they orient the reader to 
major developments and remaining problems in each field. 

The quality of the individual presentations varies from excellent to 
poor and may be a result of the type of editing by each author before 
publication. Proceedings of such meetings must be published 


promptly to be current, but, unfortunately, this may affect the quality 
of the editing. Some papers are limited in scope and deal with 
preliminary research with data from too few patients to be useful for 
Clinical conclusions. Many papers are not illustrated; the radionuclide 
images presented are small and have a high contrast; and the 
captions are not informative. 

The sections dealing with MR are weil written and accurately 
reflect the state of knowledge at the time of publication. The section 
on MR contrast agents is especially well written and informative. 

The strong points of this book are its broad scope, the participation 
of leading clinicians and researchers from the United States and 
Europe, and up-to-date descriptions of new technologies. The lack 
of quality illustrations and poor editing by individual contributors limit 
its usefulness for radiologists and nuclear medicine physicians. 


Manuel Cerqueira 
VA Medical Center 
Seattle, WA 98108 


Magnetic Resonance Imaging: Principles and Applications. By David M. Kean and Michael A. Smith. Baltimore: 


Wiliams & Wilkins, 164 pp., 1986. $43.95 


This concise text has been written for medical students, house 
officers, and clinicians who are seeking an introduction to MR imag- 
ing. The authors have met this goal admirably. The book is divided 
into 10 brief chapters that discuss the fundamentals of the NMR 
experiment, pulse sequences, and image production, as well as 
imaging of the head and neck, thorax, abdomen and pelvis, and the 
musculoskeletal system. 

The greatest strength of this text lies in the second chapter, which 
focuses on the basic physical principles employed in MR imaging. 
Comprehension of this brief, eloquent explanation of NMR fundamen- 
tais requires only a modest knowledge of physics. 

The section on pulse sequences is equally well written and includes 
clear diagrams. A nine-page discussion on image production, covering 
selective excitation, frequency, encoded spatial information, and two- 
dimensional. Fourier transform, may offer more information than is 
required by a reader with only a passing interest in MR, but it is 
surely one of the most easily understood essays on these areas. 

A significant area of weakness in this text is obvious in the clinical 


chapters, where the use of mainly low magnetic field images is an 
unfortunate shortcoming. The images of abnormalities within the brain 
are of acceptable quality, but those of the thorax, spinal canal, and 
extremities are not adequate for demonstrating optimal usage of MR. 
The images are presented on a black background, which does 
produce less glare than white pages. The index is appropriate for the 
text, as is the reference list. 

| recommend this text for purchase by readers seeking an intro- 
duction to MR imaging. The first four chapters, carefully designed for 
the intended audience, are excellent. Although the images presented 
probably do not match in quality those produced at most imaging 
centers today, they are of value in indicating the spectrum of disease 
that can be diagnosed by MR. 


Charles M. Citrin 

Magnetic Imaging of Washington 
5550 Friendship Boulevard 
Chevy Chase, MD 20815 
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MR and CT of Occult 
Vascular Malformations of 
the Brain 





The need for improved specificity in the diagnosis of “occult” vascular malformations 
led to the use of MR in suspected cases in order to determine MR’s potential for 
improved diagnostic accuracy. Six patients with six lesions histologically diagnosed as 
vascular malformation after partial (1) or complete (5) microsurgical excision were 
studied by CT, MR, and selective magnification subtraction angiography. In all cases, 
the cerebral lesions were apparently solitary and were visible as focal lesions on both 
CT and MR. Since angiography failed to reveal the pathologic blood vessels of the 
lesions, and no arteriovenous shunting was evident, these lesions were termed vascular 
malformations occult to angiography (VMOTA). Angiography revealed a mass effect in 
only two cases. MR did not reveal additional vascular malformations missed by CT. In 
each case, MR, which was performed in an attempt to support the diagnosis suggested 
by CT, did in fact do so by revealing signal abnormalities indicative of nonacute 
hemorrhage within the lesion on T1- and T2-weighted pulse sequences. Although, as 
on CT, MR features of these lesions were found to be nonspecific, the MR criteria 
reinforced the probable diagnosis of VMOTA in an additional 30 cases that had shown 
similar nonspecific CT features. In this second group, excluded from this study, in which 
histologic verification was not obtained because of perceived hazards of surgery, the 
increased assurance regarding the diagnosis led to proton-beam therapy without his- 
tologic verification in 18 cases. It is concluded that MR can provide significant improve- 
ment in the accuracy of diagnosing VMOTA beyond that obtainable just by plain and 
contrast-enhanced CT. 


Extensive experience with CT has led to the recognition of criteria for the 
diagnosis of vascular malformations occult to angiography (VMOTA) [1-8]. All 
varieties of vascular malformation have been identified in this group; arteriovenous 
malformations, cavernous malformations, venous malformations, and telangiec- 
tases [5, 8]. On plain CT, these lesions tend to present as hyperdense, or 
occasionally isodense, relatively small mass lesions, generally no more than 3 cm 
in diameter [8-11], often containing recognizable punctate or small dense foci 
indicative of areas of calcification. After intravenous contrast enhancement, rela- 
tively mild or moderate rather than marked enhancement is commonly seen. 
Occasionally, small regions of intense enhancement suggest the presence of 
contrast medium in small blood vessels. Although the CT features may be highly 
suggestive of the diagnosis, there is as a rule uncertainty in the differential diagnosis 
of these lesions from neoplasms, particularly low-grade astrocytomas and oligo- 
dendrogliomas. Granulomatous lesions may also show similar CT appearances 
and, rarely, avascular meningiomas may mimic VMOTAs. Because of the problems 
of accurate diagnosis, MR has been used at this center for approximately 2 years 
when this diagnosis has been suspected. This report documents our findings in six 
cases with surgical and histologic verification. | 


Subjects and Methods 


Six patients for whom the diagnosis of a VMOTA was a major consideration were studied 
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TABLE 1: Clinical, Surgical, and Histologic Features 
Gender 
Case Age Site Clinical Surgery Gross Appearance Histology 
(yrs) 
1 M26 L posterior tem- 3 mo. episodic headache, [Excision Encapsulated mass Vascular malformation 
poral nausea and vomiting, Oid clot 
difficulty reading Gliosis 
2 M41 L pontocerebellar 112 mo. episodic instabil- Excision Tangle of vessels Arteriovenous malformation 
ity, dizziness, nausea, Gliosis, hematoma 
visual blurring Cavity 
Thrombosed arteri- 
ovenous malfor- 
mation 
3 M27 Posterior ponto- 36 mo. episodic blurred Limited excision Encapsulated mass Consistent with vascular 
mesencephalic vision, diplopia, head- ventricular within old hemor- malformation 
ache, speech difficulty shunt rhage 
Thrombosed vas- 
cular malforma- 
tion 
4 M40 ~Lpara-fourth 12 mo. episodic vertigo, Excision Small mass Arteriovenous malformation 
ventricular nausea and vomiting, Old hemorrhage 
headache, diplopia, Thrombosed arteri- 
subarachnoid hemor- ovenous malfor- 
| rhage mation 
5 F 31 L frontal 8 mo. episodic minor sej- Excision Encapsulated mass Arteriovenous malformation 
zures, recent general- containing old 
ized seizure hemorrhage 
Gliosis 
Vascular malforma- 
tion 
6 F40 __L frontal Many years of L frontal Excision Localized mass Arteriovenous malformation 
headache. 16 mo. ear- Recent and old 
lier acute headache, hemorrhage 
nausea and vomiting, Gliosis 
then obtundation, grand Vascular malforma- 
mal seizure tion 
Note.-—L = left. 


by MR. CT was the initial imaging study in all cases and was 
performed using a variety of third- and fourth-configuration scanners, 
before and after intravenous contrast injection in all cases. Serial film 
selective catheter angiography, with magnification and subtraction, 
which in all cases failed to reveal either intrinsic abnormal vessels or 
vascular shunting, was performed either before or after MR. MR was 
performed using a superconductive whole-body system (Tesiacon, 
Technicare Corp., Solon, OH) operating at 0.6 T (25.4 MHz). T1- and 
T2-weighted spin-echo (SE) pulse sequences and inversion recovery 
(IR) with spin-echo sequences were used. All patients had IR se- 
quences with repetition times (TR) of 1500 or 1650 msec, inversion 
time (Tl) of 400 or 450 msec, and echo time (TE) of 32 msec. Four 
acquisitions were averaged, except in one case, in which only a single 
acquisition was obtained. It is our usual practice to image the brain 
using the more T1-weighted IR sequence in preference to a short TR 
and TE SE sequence. One patient also had a less T1-weighted 
sequence, with TR 500 msec and TE 30 msec. One patient had in 
addition a mixed T1- T2-weighted SE sequence, TR 1500, TE 30. 
T2-weighted sequences were dual-echo SE 2000/60 and /120 msec, 
TR/TE, with four acquisitions, except for one patient who was 
examined with separate SE 1500/30 and 1500/60 sequences instead. 
The latter patient was examined with a single-section technique and 
8-mrn thick sections. The other patients all had multisection contig- 
uous 7.5-mm slice technique. All patients were studied with axial 
sections. One patient had an additional IR sequence in the sagittal 
plane. 

Data were acquired with 128-line resolution in the phase-encoded 
(Y) axis, interpolated to 256, and 256 lines in the frequency-encoded 


(X) axis, for a display matrix of 256 mm*, giving pixel resolution of 
2.0 x 1.0 mm. 


Clinical Features 


There were four men and two women, ranging in age from 26 to 
41 years (mean, 34.1 years). In general, the predominant symptoms 
were similar to those described in earlier reports [3, 8]. Symptoms 
were typically episodic, over weeks, months, or years, and most 
frequently consisted of headache, with or without nausea and vom- 
iting, seizures of various types, and focal neurologic deficits appro- 
priate to the region involved (Table 1). 


CT and MR 


in each case, the pre- and postcontrast attenuation characteristics 
revealed by CT, and the signal intensities and their patterns on T1- 
and T2-weighted images, were analyzed and compared with those 
of normal anatomic structures shown in the same CT section and in 
the same MR image. T1 and T2 relaxation values were assessed 
qualitatively and were not measured or calculated. 


Angiography 


All angiograms were performed by selective catheterization, with 
magnification and subtraction. The examinations were all restudied 
retrospectively. 
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Fig. 1.—Case 1. A, Plain CT shows heterogeneous hyperdense lesion 
adjacent to trigone and occipital horn, probably but not definitely including 
punctate calcifications. B, After contrast, there is moderate heterogeneous 
enhancement of lesion, with appearance of small vessels anteriorly (arrows). 
Small vessels were apparent in lateral portion of lesion at time of acute 
hemorrhage 212 months earlier (not shown). C, MR, 4 days later. IR 1650/450/ 





Results 
Angiography 


Each case satisfied the strict criteria for VMOTA in that no 
pathologic vessels or arteriovenous shunting were identified 
on careful retrospective study of the angiograms. There was 
no evidence of mass effect in four cases, and mass effect 
was identified in two cases. 


CT 


The lesions in all patients were 3 cm or less in diameter. All 
showed somewhat heterogeneous hyperdensity relative to 
brain on plain CT. In only two cases (cases 3 and 6) was 
definite granular calcification identified. In the lesions of three 
other cases (cases 1, 2, and 4), the heterogeneous hyper- 
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32/4. Bright islands indicating short T1 are partly surrounded by areas of 
absent or near-absent signal. D, SE 2000/60/2 moderately T2-weighted se- 
quence shows smaller bright islands of prolonged T2 within more extensive 
region of absent signal. E, Same sequence, but with TE 120. The bright foci 
are smaller than in D, but there is little change in appearance of surrounding 
area of signal void. 


density raised suspicion of punctate calcifications, nonacute 
hemorrhage, dense soft tissues, or a combination of these. 
Case 5 had an isodense appearance, without mass effect on 
initial plain CT. Four months later, CT showed an irregular, 
thick ring with the density of relatively recent hemorrhage, 
and a lower mixed density centrally. The pattern suggested 
hemorrhage in a neoplasm, rather than a vascular malforma- 
tion. In case 1, plain CT originally revealed a focal acute 
hemorrhage in the left temporal lobe, and intravenous contrast 
enhancement produced a slight increase in density at the 
periphery of the hematoma. Focal areas of this enhancement 
were consistent with small associated blood vessels. Two 
and a half months later, plain CT revealed a heterogeneous 
hyperdense lesion at the same site, and moderate, slightly 
heterogeneous enhancement occurred. There was again in- 
dication of small abnormal blood vessels in the region. In all 
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A N Fig. 2.—Case 2. A, Contrast CT shows moderate irregular enhancement of lesion, centered in left 
; brachium pontis. In this and an adjacent section, enhancement of small vessels in and adjacent to lesion 
were seen (e.g., arrow). Noncontrast scan (not shown) revealed a heterogeneous, largely hyperdense 
lesion. B, MR, 2 days after CT, IR 1650/450/20/4, reveals largely homogeneous bright signal of short T1, 
consistent with nonacute hemorrhage. Areas of lesser signal centrally are consistent with hemorrhage and 
do not correspond to areas of enhancement suggestive of vessels on CT. C, SE 2000/60/4 moderately 
T2-weighted sequence 7.5 mm higher than section B shows large bright islands of increased T2, largely 
bounded by zone of absent signal and irregular areas of absent or reduced signal between the islands. 
With same SE sequence as at level in B (not shown), there was a narrow, almost completely circumferential, 
zone of absent signal around high signal. Posteriorly and laterally, a less intense signal around the lesion 
is indicative of edema. D, The same sequence, but with TE 120, more markedly T2-weighted. High-intensity 
islands and peripheral absent signal are much the same in distribution as in C. Perifocal edema is evident. 
Note that low signal regions between bright islands do not show appreciable increase in intensity (lack of 


















lesions, enhancement was mild or moderate in degree and 
heterogeneous in pattern. However, small rounded or arcuate 
foci of marked enhancement appeared in three cases (cases 
1, 2, and 4), indicating the presence of small abnormal blood 
vessels (Figs. 1, 2, and 4; Table 2). 

In summary, the findings on CT fitted well with the variety 
of appearances previously reported in VMOTA [1-8]. After 
angiography, VMOTA was the suspected diagnosis in all but 
cases 5 and 6, in which a hemorrhagic neoplasm (case 5) and 
a partially calcified glioma (case 6) were strongly suspected. 


MR 


Of the six cases, T1- weighted images revealed one or 
more foci of short T1, appearing as one or more bright 
“islands” in four cases (Figs. 1 and 2). Cases 4 and 6 showed 
only low signal (Figs. 3 and 4). In addition, areas of very low 
or absent signal on T1-weighted images were present periph- 
erally and/or centrally in four cases and questionable in a fifth. 


second echo enhancement) and therefore are not suggestive of slowly flowing blood within vessels. 


On T2-weighted images, one or more foci on long T2, 
appearing as one or more bright “islands,” were seen in five 
cases. This was accompanied by very low or absent T2 signal 
(very short T2) in five cases, was arranged peripherally in four 
cases, and peripherally plus centrally in one case (“dark 
lakes”). In the remaining case (case 6), the entire area showed 
low to absent T2 signal (Fig. 4, Table 2). 


Surgery 


The lesion was excised partially in case 3 and completely 
in the remaining five cases, using microsurgical techniques. 
The gross appearance of the lesion at surgery was described 
as thrombosed arteriovenous malformation in cases 2 and 4 
and as “vascular malformation” in the remaining cases. 

All lesions appeared well encapsulated and showed gross 
evidence of old hemorrhage in cases 1-5 and of old and 
recent hemorrhage in case 6. Hemosiderin deposition was 
specifically commented upon in cases 5 and 6. 
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TABLE 2: CT and MR Findings, and Time Intervals 
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CT MR : 7 
— nterval to 
Case Interval to MR 
Plain Enhanced T1 Weighted T2 Weighted Wao surgery 
1 Acute hemorrhage Small vessels; 4 days Confluent bright Smaller bright | Same except 4 weeks 
2/2 mo. earlier; moderate CE foci; adjacent islands smaller bright 
now hyper- + small ves- signal void within larger islands 
dense sels signal void 
2 Hyperdense Mild to moderate 2 days Bright island; less Bright islands; Same 2 days 
CE + small intense area peripheral 
vessels within signal void 
3 Hyperdense; gran- Mild to moderate 21 weeks + Confluent bright is- Similar con- Similar 243 weeks after 
ular calcifica- CE multiple over lands, most fluent bright limited exci- 
tions 41/2 yrs. within low or ab- islands; sion 
postop. (un- sent signal more ob- 
changed) vious periph- 
eral and cen- 
tral signal 
void 
4  Hyperdense, with Mild CE + small 9 days Small focus of low Island of isoin- Lesion obscured 3 days 
some hypo- vessels signal (< gray tense signal by noise 
density matter) within signal 
void 
5 Isodense 4 mo. Moderate CE Same day Large bright island; Bright island; Not done 2 days 
earlier; now re- adjacent to re- small central low narrow pe- 
cent hemor- cent hemor- signal focus ripheral in- 
rhage, periph- rhage terrupted 
eral denser than void 
central 
6  Hyperdense; gran- Mild CE 11 weeks Low signal (< gray Low signal and Larger signal 5 weeks 
ular calcifica- matter) only void void 
tions 





Note.—CE = contrast enhancement. 
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Fig. 3.—Case 4. A, Contrast-enhanced scan showing mild enhancement of 
this small, hyperdense lesion. One area of high density and a posterior arc of 
slightly increased density both suggest opacification of small blood vessels. 
Plain CT (not shown) showed mixed hyper- and hypodensity without definite 
calcification. The mass encroaches slightly upon the fourth ventricle. B, MR, 8 
months later. IR 1500/450/4 T1-weighted section slightly below the level in A. 
There is small region of prolonged T1, similar to the T1 of gray matter, projecting 


Histology 


Surgically excised material from each lesion was carefully 
reviewed. Because of the fragmentary character of the small 
tissue samples available, it was difficult to categorize with 


into inferior portion of right cerebellar corpus medullaris from inferior vermis 
(arrow). No focus of short T1 is visible, presumably because hemorrhage was 
now many months old. C, SE 2000/60/2 moderately T2-weighted sequence at 
same level as B. A small area of approximately isointense signal is surrounded 
by zone of absent or near-absent signal. On same sequence with TE 120, no 
definite abnormality could be detected in this region, apparently because of the 
much higher noise level. (Note similarity to Fig. 5.) 


complete assurance the precise type of vascular malformation 
present in each case, although when viewed in light of the 
appearance at surgery, there was no doubt that these all 
represented vascular malformations. In various combinations, 
the following histologic features were observed: abnormally 
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Fig. 4.—Case 6. A, Plain CT shows small hyperdense region in anterior left 
frontal lobe region, involving the cortex. Small granular calcifications are appar- 
ent. B, After intravenous contrast, area shows mild contrast enhancement 
surrounding calcifications. MR was performed 3 months after CT. C, IR 1500/ 
450/4 sequence. A region of low signal, indicating T1 somewhat longer than 
gray matter, is shown extending from cortex into subcortical white matter. No 
mass effect is evident. D, SE 2000/60/2. The region of lesion (arrow) shows 


formed blood vessels, many thrombosed or fibrosed; hyalini- 
zation of the walls of abnormal vessels; dystrophic calcifica- 
tions; gliosis and hemosiderin deposition, frequently in high 
concentration; and evidence of old or recent and old hemor- 
rhage (Table 1). Hemosiderin deposition was identified in 
tissue from all cases except case 1. Although the lesion was 
completely excised, only tiny fragments were available for 
microscopy. The final histologic diagnosis was arteriovenous 
malformation in one case, consistent with arteriovenous mal- 
formation in four cases, and vascular malformation of indeter- 
minant type in one case (Table 1). 


Discussion 


Small vascular malformations became widely recognized 
after the report of Margolis et al. in 1951 [9], in which they 
called attention to small vascular malformations found on 
autopsy of six patients. Four of these were associated with 
fatal hemorrhage. Crawford and Russell [10] found that small 
vascular malformations were responsible for 20 of 461 cases 
of intracerebral hemorrhage. No abnormal vasculature was 
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slightly heterogeneous pattern of absent to near-absent signal, indicating 
shortened T2, which is now confirmed by absent signal shown in E (arrows), 
obtained with a more strongly T2-weighted sequence, 2000/120/2. The lesion 
was excised 5 weeks later, when a little recent hemorrhage was identified in 
addition to much old clot and hemosiderin. It is probable that further hemorrhage 
occurred after MR. 


seen on angiography in two of the four patients who had this 
study. These authors introduced the term “cryptic” to describe 
these small malformations, because of their latent character 
both clinically and pathologically. Since that time, there have 
been many reports of arteriovenous malformations or other 
vascular malformations that were angiographically occult and 
responsible for spontaneous hemorrhage. Hashim et al. [8] 
recently reported three histologically proven VMOTAs. They 
were able to find only 47 reported cases of such histologically 
proven arteriovenous malformations not associated with clin- 
ically recognizable intracranial hemorrhage. The majority of 
these cases presented with seizures of various types and 
some with headaches. The lesions were generally detected 
by CT. Other vascular malformations with similar presenta- 
tions have also been reported and include cavernous an- 
giomas and venous angiomas [4, 5]. From previous reports, 
it is evident that VMOTAs are generally small, less than 2-3 
cm in maximum size [8-11]. The true incidence is unknown, 
but their ratio to the classical malformations was 48:5, as 
detected in 48 autopsied cases by McCormick and Nofzinger 
[11]. They are usually said to give rise to signs and symptoms 
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when they hemorrhage, and hemorrhage may be massive. 
These lesions may present with neurologic symptoms without 
Clinical evidence of intracranial hemorrhage. This was the 
case in each of our six cases, although the CT obtained at 
the time of a clinical exacerbation previded clear evidence of 
recent hemorrhage in two cases (cases 1 and 5). In the other 
four cases, CT did not reveal evidence of recent hemorrhage, 
owing either to failure to obtain CT at the appropriate time or 
to the presence of only a small seepage of recent hemorrhage, 
indistinguishable from the background hyperdensity of the 
VMOTA. 

MR is steadily gaining acceptance as an important addition 
to the array of imaging techniques available for the investi- 
gation of neurologic disease, and it has been proposed as the 
diagnostic imaging method of choice for many forms of intra- 
cranial disease [12-15]. The capacity of MR to depict normal 
and abnormal vascular structures with high image contrast, 
without the need for intravascular contrast agents, has been 
demonstrated for normal vessels and a variety of vascular 
lesions [16-19]. A small number of cases has been reported 


in which intracranial vascular malformations have been iden- _ 


tified by MR [20, 21]. A recent report of the comparative 
evaluation of CT and MR in 24 patients with 29 cerebral 
vascular malformations included 15 vascular malformations 
(in 11 patients) in which angiography revealed no pathologic 
circulation (VMOTAs) [20]. Histologic confirmation of the di- 
agnosis was available in five of the 11 patients with VMOTAs. 
Ten of the 15 lesions could be seen equally well on CT and 
MR, three were more conspicuous on MR, and two were 
more conspicuous on CT. In the other six cases, the lesions 
were not safely accessible to biopsy or excision. Inherent 
hyperdensity was present on CT in 11 of the 15 lesions, and 
nonspecific enhancement, usually minimal, occurred in 13 
lesions. Thirteen of 15 lesions were detected with MR, and 
the two that were missed were shown on CT only by virtue 
of fine punctate calcifications. Those that were shown by MR 
revealed relative signal void in three, hemorrhage in 12, and 
peripheral edema in seven. Evidence of slow flow (even-echo 
rephasing) could not be seen in any lesion. The regions of 
signal void were punctate or globular in all cases and were 
attributed to calcification rather than to high flow in vessels. 
However, the one illustrated case (Fig. 4) revealed a signal 
void much larger than the focus of calcification shown on CT 
and there were no corresponding opacified vessels. We sug- 
gest that the illustrated signal void in that case, and in our 
cases, is therefore most consistent with the selective effect 
of paramagnetic “clumps” (in this case hemosiderin deposits 
in macrophages) on spin-echo signal intensity. This manifests 
as a selective decrease in the apparent T2 of the region 
imaged, with lesser T1 effect. This phenomenon differs from 
that of the more commonly discussed interaction of uniformly 
distributed paramagnetic ions in solution (dipolar coupling), 
which affects T1 more strongly. 

The effect we observe relates to the induction of local 
variations in the induced magnetic field (bulk susceptibility) by 
paramagnetic hemosiderin of the tissue under study. Para- 
magnetic materials, in addition to coupling directly to protons 
to increase relaxation rates, also have substantial fields in- 
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duced when placed in a large external field; that is, they have 
large magnetic susceptibilities. This is due to the unpaired 
electron spins of the paramagnetic material, and the fields 
induced are much larger than those within normal, diamag- 
netic tissues. Clumps of paramagnetic substances, such as 
hemosiderin, would thus serve locally to distort the magnetic 
field “seen” by surrounding water protons. When water mol- 
ecules diffuse through variations in magnetic field, their pro- 
tons pick up phase changes that are not corrected for by the 
application of 180° refocusing pulses, since the field seen by 
a given proton is not constant with time. This results in a 
decrease in spin-echo signal intensity and would be observed 
as a decrease in the measured T2. This effect does not 
influence longitudinal relaxation, and hence a selective de- 
crease in observed T2 is expected. This is in fact what was 
observed. The TE of 32 msec in the IR imaging introduces a 
T2 component, which can account for the absent signal 
regions on the T1-weighted images. Experience indicates that 
there is usually insufficient dense calcification in these lesions 
to produce sufficiently marked decrease in mobile proton 


. density to explain signal void regions. 


Kucharczyk et al. [20] conclude that at present CT detects 
VMOTAs more sensitively when faint calcification is the major 
evidence of their presence and MR is more accurate in 
evaluating associated hemorrhages, particularly when these 
have lost density with time or when they are located in the 
posterior fossa. Our experience conforms with these conclu- 
sions. l 

Lee et al. [21] included five cases of VMOTA, all in the 
posterior fossa. Two were verified by surgery. Hyperintense 
signal consistent with hemorrhage was shown on T1- and 
T2-weighted images in four cases. Multiple areas of de- 
creased signal were shown within the hematomas in all these 
cases, and a curvilinear decreased signal was shown around 
the hematomas in three cases. In an additional case, a similar 
low signal was shown by the same pulsing techniques in a 
lesion having no evidence of hematoma. CT demonstrated 
increased attenuation in all five cases, with values consistent 
with calcification in only one case. They illustrate three cases 
of brainstem VMOTAs that have peripheral (three cases) and 
peripheral and central (two cases) very low signal intensity. 
This does not appear compatible with the presence of vas- 
cular signal voids, because the appearance and size of the 
signal-void regions do not correspond to the smail size of 
vessels and the slow flow present in VMOTAs. In only one 
case was CT also illustrated, and this showed areas of calcific 
density that did not correspond to peripheral signal void on 
MR. 

Studies in the first report cited above [20] were obtained 
at 0.35 T; those in the second report [21], at 0.5 T. The 
possibility of paramagnetic effects producing the low signal- 
to-signal void components of these lesions are not mentioned 
by either group. It has been stated that paramagnetic proton 
preferential T2 relaxation effects increase as the square of 
the magnetic field [22], and that certain paramagnetic effects 
are not likely to be shown by MR at lower field strengths 
(circa and below 0.5 T). It is possible that preferential T2 
relaxation was not observed as regularly or prominently in 
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Fig. 5.—Multiple metastases of malignant melanoma, in which CT some 
time earlier had indicated neoplasm with probable hemorrhagic components. 
One of the multiple similar-appearing lesions in cerebellum and brainstem is 
illustrated here on paramedian sagittal sections. A, SE 500/30/4, mildly T1- 
weighted image, showing a low to absent signal in medial portion of cerebellar 


the series reported by Kucharczyk et al. [20] or Lee et al. 
[21] for them to consider that this phenomenon was a plau- 
sible explanation for the low to absent signal regions associ- 
ated with VMOTAs, rather than calcifications or vessels with 
high flow rates. Hemosiderin is a physiologically available 
paramagnetic relaxant, with a locally heterogeneous field 
varying slowly or not at all, and capable of producing locally 
heterogeneous magnetic susceptibility and local field gra- 
dients under the influence of a strongly applied magnetic field. 

It is therefore our hypothesis that the regions of very low 
to absent signal described and illustrated in the above two 
reports [20, 21] and in our cases are due in fact to paramag- 
netic effects or magnetic susceptibility and not to vascular 
flow or to calcification. In our cases, the morphology of both 
the small vessels seen and the calcification, identified with 
certainty in only two cases, could not explain the patterns of 
signal void on MR. 

Our results confirm the inability of CT to identify older 
parenchymal hemorrhages and add to a growing recognition 
that MR can reveal relatively characteristic and specific signal 
alterations (short T1, long T2) in nonacute hematomas [12, 
22-27]. The short T1, believed to be due to the paramagnetic 
effect of methemoglobin, appearing after the first few days 
following hemorrhage and lasting for several months [28], 
represents an important advance over CT in imaging lesions 
consisting of or containing subacute and/or chronic hemor- 
rhage. A feature corroborating hemorrhage, the appearance 
of absent or near-absent signal, presumed to be due to the 
magnetic susceptibility effect of hemosiderin, appears to be 
characteristic of lesions in which there has been considerable 
previous hemorrhage on one or more occasions. The pres- 
ence of this signal pattern further helps characterize a hem- 
orrhagic lesion in the type of case in which there is no clinical 
episode to suggest the occurrence of hemorrhage, such as 
in the present series of VMOTAs. This is presumably due to 
relatively slow seepage of small amounts of blood from rela- 
tively small vessels carrying slow flow under low pressure. 

Although CT cannot always differentiate clusters of tiny 


hemisphere. B, SE 2000/60/4, moderately T2-weighted sequence. There is a 
region of absent signal surrounding a small island that is isointense with 
cerebellar gray matter. C, SE 2000/120/4, strongly T2-weighted sequence, 
showing a small, intense focus of prolonged T2 within a region of low to absent 
signal. Note similarity to lesion shown in Figure 3. 


calcifications from relatively dense soft tissues, slowly flowing 
blood, or blood clot, it can often distinguish small punctate or 
aggregated calcifications. Such small calcifications can gen- 
erally not be identified by MR [29, 30]. With CT, the appear- 
ance of slight to moderate enhancement of these lesions is 
helpful in differential diagnosis, since low-grade gliomas, the 
principal differential consideration, generally do not show this 
type of enhancement. Nevertheless, since old hemorrhage 
cannot be identifed on CT, when angiography fails to reveal 
a pathologic circulation, it has been necessary in the past to 
undertake surgical confirmation by open operation or stereo- 
tactic biopsy, or to elect to perform serial CT scans over a 
protracted period. 

Stereotactic biopsy is hazardous, since these occult lesions 
are prone to hemorrhage after this procedure with potentially 
fatal results [31]. Some deeply situated VMOTAs present at 
a ventricular surface (as in cases 2 and 4) and may be 
excisable by careful microsurgery [32], with low morbidity. 
However, many of these deep-seated lesions are not ame- 
nable to safe, open surgical exploration. Therefore, the une- 
quivocal demonstration of significant previous hemorrhage or 
hemorrhages in these lesions by MR may provide greater 
assurance regarding the correct diagnosis, offering the op- 
portunity of improved, particularly safer, patient management. 
In deeply seated lesions, not surgically accessible without 
undue hazard, the combination of typical findings on MR as 
well as by CT, may offer a better rationale for proton-beam 
therapy [33], without histologic confirmation. This approach 
was used in 18 of the initial 30 patients with clinical, CT, and 
MR features of VMOTA, in whom surgery of any type was 
judged to be unduly hazardous. Most of the lesions so treated 
involved the brainstem. 

CT remains a necessary part of the evaluation of VMOTAs 
for the following reasons: follow-up CT a short time after an 
acute parenchymal hemorrhage will generally provide evi- 
dence that there is an underlying lesion (residual heteroge- 
neous hyperdensity, with or without small calcifications, the 
opacification of very small intrinsic vascular channels in a 
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VMOTA, or evidence of an underlying neoplasm, particularly 
metastatic malignant melanoma or necrosing glioblastoma). 
These contributions to differential diagnosis are exemplified 
by our case 1 and by a case of hemorrhage into metastatic 
cerebellar melanoma (Fig. 5). In the latter case, the MR 
abnormalities of the individual lesions in themselves might not 
have provided the correct diagnosis. Low-grade gliomas may 
show small calcifications, but are unlikely to hemorrhage. 
Such a glioma may dedifferentiate, undergo necrosis, and 
thus become liable to hemorrhage. After hemorrhage, MR 
alone might not allow distinction from VMOTA, whereas CT 
can generally provide indication of underlying neoplasm by 
revealing a neoplastic pattern of contrast enhancement as 
the density of hemorrhage decreases. However, in case 5, 
both CT and MR suggested a hemorrhagic neoplasm. 

We conclude from this study that CT and MR have comple- 
mentary positions in the evaluation of suspected VMOTA. 


Addendum 


Since this report was completed, two further operated 
cases and one autopsied case (death from massive pontine 
hemorrhage from the VMOTA) showed CT and MR features 
similar to the six cases reported herein. 
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Digital Subtraction Angiography: Practical Aspects. By Arina van Breda and Barry T. Katzen. New Jersey: Slack, 


Inc., 230 pp., 1986. 


This well-written text, as the authors state, “presents a practical 
overview of the techniques involved in performing digital subtraction 
angiography (DSA) and optimizing image quality” and demonstrates 
its benefits in varied areas of vascular application. The text contains 
14 chapters that cover the applications of DSA. 

The first four chapters are technically oriented. The authors in a 
systematic fashion cover subjects such as design of an angiographic 
suite and selection of digital equipment. They then carefully describe 
angiographic techniques and thoroughly compare IV DSA and intra- 
arterial DSA {IA DSA). Management of complications is briefly de- 
scribed. 

Chapters 4 through 10 describe the applications of DSA to different 
organ systems. In chapter 7, Alan G. Wasserman additionally de- 
scribes the applications of computer software in the analysis of left 
ventricular ejection fraction and cardiac output. In all cases the 


practical aspects are well delineated and the clinical cases are relevant 


and well illustrated. The pitfalls of IV DSA and IA DSA are well 
discussed. The illustrations and legends are of good quality. 
Chapter 11 relates to DSA and interventional radiology. The au- 
thors describe the uses of DSA in angioplasty, embolization, and 
drug infusion. This chapter is superbly illustrated. The authors de- 


scribe methods of measurement of stenosis by computerized soft- ` 


ware and recommend standard angiography for measurement of 
vessel size before percutaneous transluminal angioplasty. It would 
have been helpful if the authors described the availability of higher 
resolution digital angiography systems as 1024 x 1024 and men- 
tioned the applications of DSA to blood flow determinations. Chapter 
12 describes uses of DSA in fistulograms and in the systemic veins. 
Chapter 13, contributed by Carol Mascioli, outlines the role of the 
special procedures technologist in digital vascular imaging. Chapter 
14, contributed by Kay Lewis, describes. nursing care of patients 
undergoing DSA. Both chapters are well written and concise, and are 
a perfect complement to descriptions of practical aspects of DSA. 

in general, the text is well organized and beautifully illustrated. The 
clinical material is appropriate for the purposes of the book. The 
authors have achieved their goal and have provided a good under- 
standing of the different applications of DSA. | recommend this book 
to general radiologists. and cardiovascular radiologists interested in 
DSA. l 


Juan F. Lois 
UCLA School of Medicine 
Los Angeles, CA 90024 


Echographie de la Prostate (Sonography of the Prostate). By Bruno Fornage. Paris: Vigot, 336 pp., 1985. hard 


cover 


This nicely organized French-language book displays a well-bal- 
anced text with good attention to details. Supported by excellent 
illustrations, it provides a unique overview of sonography of the 
prostate. 


The first chapter is about the anatomy of the prostate and is 


highlighted by pertinent anatomic drawings. The second chapter 
covers the technical aspects of variable instruments used in the 
evaluation of the prostate. The third chapter, which is abundant in 
illustrations, describes the normal sonographic appearance of the 
prostate and the male pelvis with emphasis on suprapubic and 
transrectal approach. The remaining chapters address pathologic 
conditions. Benign prostatic hypertrophy, carcinoma of the prostate, 
prostatitis and prostatic lithiasis are discussed with depth and clarity. 
The effects of prostatic disease on the urinary bladder and the upper 


urinary tracts, the postoperative states, and the role of sonography 
in the follow-up of the prostate after nonsurgical treatment are 
outlined as weil. The sections on guided biopsy of the prostate and 
the dynamic evaluation of the bladder neck and the urethra have 
particularly elegant reproductions. Other diagnostic techniques used 
in the evaluation of the prostate are briefly discussed. 

Echographie de la Prostate is the result of vast experience and 
outstanding work. Although its full advantage is restricted to those 
who can read French, the wealth of its illustrations should make it 
worthwhile for radiologists and urologists. 


Joseph Fakhry 
New York Medical College 
Valhalla, NY 10595 
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Penetrating Vascular Injuries 
of the Face and Neck: Clinical 


and Angiographic Correlation 





A retrospective review was made of 139 clinically stable patients who had sustained 
penetrating trauma to the face and neck. The study was done to learn more about the 
indications for angiography and the impact of angiography upon patient management. 
Some relationship between the physical examination and the angiographic findings was 
found. In the presence of any one of four physical signs or symptoms (absent pulse, 
bruit, hematoma, or alteration of neurologic status) there was a 30% incidence of 
vascular injury. However, it is unlikely that a clinically significant traumatic vascular 
lesion will be missed if angiography is not obtained when these clinical signs and 
symptoms are not present. In the group of 78 patients who presented with only a wound 
penetrating the platysma and no other findings or symptoms, just two had vascular 
injuries on angiograms; one of these lesions was minor and the other did not affect the 
patient’s management. There was a substantially higher rate (50%) of vascular injury in 
patients with trauma cephalad to the angle of the mandible compared with 11% of 
patients who had neck trauma. Gunshot wounds were associated with vascular damage 
more frequently than were stab wounds. 


Angiography is often performed in penetrating trauma to the head and neck to 
evaluate the possibility of vascular injury and to aid in planning appropriate 
management [1]. Nonetheless, the role of angiography in penetrating head and 
neck trauma has remained controversial. Some authors have advocated surgical 
exploration of all cases of penetrating wounds to the neck and face [2-4] while 
others have used angiography routinely in all cases in order to reduce the number 
of unnecessary surgical procedures [5, 6]. Angiography, however, is not completely 
without risk [7], and a more selective policy would be desirable. We retrospectively 
reviewed a consecutive series of 139 angiograms performed during an 18-month 
period and correlated the results of those studies with the clinical findings and 
outcome. The purpose of our study was to establish guidelines for performing 
angiography and to determine the impact of angiography upon patient manage- 
ment. 


Subjects and Methods 


We retrospectively reviewed the cases of 139 consecutive patients with neck and face 
trauma who underwent angiography of the brachiocephalic vessels from January 1, 1983, 
through June 30, 1984. The patients’ ages ranged from 12 to 72 years with a mean age of 
26 years. There were 135 male patients and 4 female patients. All the patients had been 
stabilized in the trauma admitting area prior to being referred for angiography. Therefore, our 
patient population excluded those so critically ill they required immediate exploration and 
those who succumbed to their trauma in the admitting area. 

Angiograms were performed with percutaneous transfemoral technique. The filming se- 
quence routinely included two exposures per second for 4 sec, followed by one exposure 
per second for 8 sec to facilitate visualization of the jugular veins. There were nine aortic arch 
studies and 130 selective angiograms. The latter included 84 left carotid, 55 right carotid, 26 
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left vertebral, 10 right vertebral, and 11 subclavian artery angiograms. 
Selective angiography was performed on the basis of location and 
path of the penetrating wound. 

All angiograms were reviewed by staff neuroradiologists who had 
no knowledge of the details of the patients’ clinical status. Two 
patients had minor complications of angiography; one had a transient 
diminution of the dorsalis pedis pulse, which resolved within 2 hr, and 
the other had a large hematoma at the puncture site. Observations 
made and data collected in 139 patients were tabulated according to 
the weapon used, the side and anatomic location involved, the 
symptomatology and physical findings resulting from the injury, the 
angiographic findings, and the management of the patient. 


Results 


Of the 139 patients, 62 sustained gunshot wounds and 77 
sustained stab woulds. Fifty-five of the 77 patients sustaining 
stab wounds were injured on their left side, whereas gunshot 
wounds were evenly distributed between the left and right 
sides. Seventeen patients with gunshot wounds and six pa- 
tients with stab wounds had positive angiographic findings. 
Trauma to the neck occurred in 119 patients, while 20 patients 
sustained facial trauma. Penetrating trauma above the angle 
of the jaw and to the face was associated with a higher 
frequency of abnormal angiographic findings (10 of 20 pa- 
tients, or 50%) compared with neck trauma (13 of 119 pa- 
tients, or 11%). 

One hundred sixteen of the 139 patients had normal angio- 
grams. Of the remaining 23 patients with abnormal angio- 
grams, 12 sustained vascular injuries affecting or potentially 
affecting cerebral hemodynamics. This included entities such 
as arterial lacerations, narrowing and occlusions, arteriove- 
nous fistulae, and a pseudoaneurysm (Fig. 1). Two patients 
had internal jugular vein lacerations. In these two patients 
compression of the internal jugular vein by hematoma was 
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seen but the lacerations themselves were not apparent on 
the angiograms (Fig. 2). Seven patients had lesions affecting 
the external carotid circulation (four patients had branch 
occlusions of the external carotid that were clinically insignif- 
icant), one patient had a subclavian arteriovenous fistula 
associated with a large pseudoaneurysm (Fig. 3), and one 
patient had an injury to the thyrocervical trunk with fistulization 
into the jugular vein (Fig. 4). 

Clinical data on the 139 patients is correlated with angio- 
graphic findings in the following paragraphs. One group of 
patients had no signs or symptoms other than the wound 
itself. The remaining patients had various combinations of 
loss of consciousness or neurologic deficits, decreased or 
absent carotid pulses, bruits, or clinically detectable hemato- 
mas at the site of injury. It is important to note that some of 
the patients had more than one sign or symptom, and various 
clinical presentations overlapped. 

Fifty-eight patients had clinically detectable hematomas at 
the site of injury. Among the 58 patients with hematoma, 44 
presented with only the hematoma (Table 1). In the other 14 
patients, the hematoma was associated with various combi- 
nations of other clinical findings, such as loss of conscious- 
ness, neurologic deficits, decreased or absent carotid pulses, 
or bruits (Table 2). In the total group of 58 patients with 
hematomas, 50 had a stable hematoma and eight had ex- 
panding hematomas. Of the 50 patients with stable hemato- 
mas, 16 had abnormal angiograms; of the eight patients with 
expanding hematomas, four had abnormal angiograms (Table 
3). 

Eighty-one patients had no hematoma at the site of injury 
(Table 4). Two of these patients presented with neurologic 
deficit (both had cranial nerve palsies and normal angiograms) 
and one patient presented with a bruit (this patient had a 
thyrocervical trunk—internal jugular vein fistula). The remain- 


Fig. 1.—26-year-old man with expand- 
ing hematoma due to gunshot wound to 
right side of neck. Lateral projection of a 
common carotid angiogram shows pseu- 
doaneurysm (arrows) of right internal ca- 
rotid artery projecting anteriorly from its 
uppermost cervical portion. A Selver- 
stone clamp was placed over the internal 
carotid artery followed by ligation 2 days 
later. 


Fig. 2.—31-year-old man with large 
hematoma due to gunshot wound to 
neck. Anteroposterior projection of ve- 
nous phase of angiogram shows 
compression of internal jugular vein by 
hematoma (arrows). Laceration of the 
vein was found and repaired at surgery. 


~ 
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Fig. 3.—22-year-old man with hema- 
toma and bruit over lower portion of left 
side of neck due to gunshot wound. An 
arch aortogram obtained with a slightly 
oblique projection shows large pseudo- 
aneurysm (open arrows) of left subclavian 
artery (narrow arrows) and fistulization 
into left subclavian vein (wide arrow). The 
pseudoaneurysm was resected and the 
subclavian artery and vein were repaired. 


Fig. 4.—17-year-old man with a bruit 
at base of neck, but without a hematoma, 
caused by stab wound to right side of 
neck. An arch aortogram shows a pseu- 
doaneurysm (narrow arrow) of thyrocer- 
vical artery (open arrow) and fistulization 
and reversal of direction of flow in the 
internal jugular vein (wide arrow). Thyro- 
cervical artery was ligated and jugular 
vein repaired. 


TABLE 1: 44 Patients with Only a Hematoma 





33 normal angiograms 
28 observed 
5 explored 
2 retropharyngeal hematomas 
1 perforated esophagus 
2 negative explorations 
11 patients with abnormal angiograms 
3 observed 
2 carotid or vertebral occlusions 
1 carotid compression or spasm 
6 explored 
2 carotid compressions or spasm 
1 pseudoaneurysm internal carotid artery (Fig. 1) 
2 jugular vein lacerations (Fig. 2) 
1 facial artery occlusion and submandibular gland laceration 
2 embolized 
2 pseudoaneurysms internal maxillary artery with arteriovenous 
fistulas 





ing 78 patients had no signs or symptoms other than the 
wound itself. Of these 78, only two had abnormalities on 
angiograms while the remaining 76 had normal studies. Nei- 
ther of the two patients with positive angiograms had clinical 
signs or symptoms of major significance; ane, however, did 
have occlusion of a vertebral artery and the other patient had 
only an occlusion of an occipital artery. 

Eleven patients had either loss of consciousness or neu- 
rologic deficits; nine of these patients had a hematoma (Table 
2) and two did not (Table 4). In two patients with loss of 
consciousness, one had occlusion of the internal carotid and 
the other had a carotid cavernous fistula. In three patients, 
angiograms revealed injuries of external carotid artery 
branches. One of these had a peripheral facial nerve palsy, a 
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TABLE 2: 14 Patients with Hematomas Associated with Other 
Symptoms and Signs 





8 hematomas and loss of consciousness or neurologic deficits 
4 normal angiograms 
3 observed 
1 observed (this patient had a facial hematoma; an associated 
ruptured globe was removed) 
4 abnormal angiograms 
1 observed 
1 occlusion occipital artery 
2 explored 
1 extravasation internal maxillary artery 
1 occlusion facial artery (open reduction, associated mandib- 
ular fracture) 
1 embolized 
1 carotid-cavernous fistula 
1 hematoma with loss of consciousness and absent carotid pulse 
1 abnormal angiogram 
1 observed 
1 occlusion carotid artery 
2 hematomas with decreased or absent carotid pulse 
2 abnormal angiograms 
2 observed 
1 occlusion carotid artery 
1 intimal tear and laceration carotid artery 
3 hematomas with bruit 
1 normal angiogram 
1 observed 
2 abnormal angiograms 
1 explored 
1 pseudoaneurysm with subclavian arteriovenous fistula (Fig. 
3) 
1 embolized 
1 carotid cavernous fistula 





mandibular fracture, and an occlusion of the facial artery; 
another patient had a peripheral facial nerve palsy associated 
with extravasation from the internal maxillary artery; and a 
third patient had an occipital artery occlusion (this patient had 
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TABLE 3: Summary of Eight Patients with Expanding Hematomas 
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Patient Type of Wound/ ; 
No. Site of Trauma Symptoms and Signs 
1 Gunshot/face Expanding hematoma and 
bruit 
2 Gunshot/face Expanding hematoma 
3 Gunshot/neck Expanding hematoma 
4 Gunshot/neck Expanding hematoma 
5 Gunshot/neck Expanding hematoma and 
RUE paraparesis and 
paresthesia 
6 Stab/neck Expanding retropharyngeal 
hematoma 
7 Stab/neck Expanding hematoma 
8 Stab/neck Expanding hematoma 


Angiographic Results Management 
Carotid-cavernous fistula Embolized 
Pseudoaneurysm and Embolized 


arteriovenous fistula 
internal maxillary 

Pseudoaneurysm inter- 
nal carotid artery 


External compression or 
spasm carotid artery 
Normal 


Normal 


Normal 
Normal 


Selverstone clamp over 
internal carotid artery; 
ligated 2 days later 

Explored and hematoma 
evac. 

Observed 


Explored and hematoma 
evac. 

Observed 

Observed 


TABLE 4: 81 Patients Without Hematomas 





3 patients with neurologic deficit or bruit 
2 with normal angiograms were observed 
1 with abnormal angiogram was explored 
1 thyrocervical—internal jugular vein fistula (Fig. 4) 
78 patients with only wound itself 
76 had normal angiograms 
72 were observed 
4 were explored 
2 upper airway lacerations 
2 negative explorations 
2 had abnormal angiograms 
2 were observed 
1 feft vertebral occlusion 
1 external carotid branch occlusion 





loss of consciousness after cardiopulmonary arrest). in the 
remaining six patients, the angiograms were normal and the 
loss of consciousness or neurologic deficits were attributed 
to direct injuries to the nervous system. 

Three patients had decreased or absent carotid pulses 
detected by physical examination. One of them had an intimal 
tear and laceration of the internal carotid artery while the 
other two had a total occlusion of the internal carotid artery. 

Four patients had bruits on physical examination. One of 
these had a carotid-cavernous fistula, another had an arteri- 
ovenous fistula between the thyrocervical trunk and the inter- 
nal jugular vein, and a third patient had a pseudoaneurysm of 
the subclavian artery with fistulization into the subclavian vein. 
The fourth patient with a bruit had a normal angiogram. 

The 139 cases were managed as follows: (1) Twenty-three 
patients had abnormal angiograms. Of these, nine were ob- 
served, 10 underwent exploration (two of these 10 patients 
had internal jugular vein lacerations found at surgery with 
angiographic abnormalities noted only retrospectively), and 
four had intraarterial embolization. (2) Ten additional patients 
also had surgery despite normal angiography because they 
sustained injuries or were suspected of having other injuries 


to the face and upper respiratory or digestive tracts. Four of 
these had a negative exploration with no such injuries. (8) 
The other 106 patients had normal angiograms and conserv- 
ative management. 

Overall, 115 patients (83%) were just observed. Of the 
remaining 24 patients, only nine (6.5%) were explored or 
embolized as a result of what was found at angiography. The 
other 15 patients were operated on for nonvascular injuries. 


Discussion 


Since World War li, there has been a great deal of contro- 
versy over the management of penetrating injuries to the head 
and neck [2-6, 8~11]. In recent years, the concept of selective 
exploration seems to be replacing the earlier dictum of man- 
datory exploration of penetrating wounds [5, 6, 9~11]. In 
contrast to certain earlier opinions [4, 11], our work suggests 
some relationship between the clinical situation and the re- 
sults of angiography. For example, in our series, there were 
78 patients who presented with a wound penetrating the 
platysma but with no other clinical abnormalities. These pa- 
tients had normal angiograms, except for two who had lesions 
that did not affect their management. Therefore, there ap- 
pears to be a rational basis for using the clinical assessment 
as a guide when considering angiographic evaluation. In our 
series, 14% of patients with penetrating wounds underwent 
surgical exploration. Compared with earlier reports [2-6, 9- 
13], this is a significantly lower exploration rate. It should be 
kept in mind that our study included only stable patients who 
were referred for angiography; critically ill patients requiring 
immediate exploration were not part of the patient population 
described in this report. 

it is interesting that stab wounds of the neck were associ- 
ated with a relatively low incidence of significant vascular 
abnormalities at angiography; approximately 92% of these 
patients had a normal angiogram. Even with gunshot wounds 
to the neck, there was a 73% rate of negative angiographic 
studies. 


; 
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In the group of 11 patients with loss of consciousness or 
neurologic findings, angiography revealed vascular injuries 
(significant with respect to the cerebral circulation) in only two 
patients. Direct injury to the nervous system accounted for 
the symptoms and findings in eight patients in this group, 
while one other patient had a cardiopulmonary arrest. How- 
ever, in instances where neurologic abnormalities have a 
delayed onset after trauma (particularly when cranial CT fails 
to show intracranial lesions that can explain the patient’s new 
findings), emergency cerebral angiography should be consid- 
ered to search for a correctable vascular lesion. 

Four of five patients with occlusions of the carotid and/or 
vertebral arteries had no evidence of cerebral ischemia be- 
cause of collateral blood flow via the circle of Willis. These 
patients were managed conservatively. 

The anatomic location of trauma to the neck has been 
divided into three zones [3, 4, 13]: zone | is the area below 
the level of the cricoid cartilage, zone II is between the cricoid 
and the angle of the mandible, and zone Ill is above the angle 
of the mandible. In this series there was a substantially higher 
rate of significant angiographic abnormalities in patients with 
trauma cephalad to the angle of the mandible. Fifty percent 
of angiograms were abnormal with injuries above the angle 
of the mandible compared with 11% below. 

In view of the two cases of internal jugular vein lacerations 
where abnormalities were not initially detected at the time of 
angiography, subtraction films might be useful for the venous 
phase as well as the arterial phase to enable optimum diag- 
nosis, even though most surgeons would not explore for an 
isolated venous laceration. The literature indicates that more 
venous than arterial injuries have been noted at exploration 
[2,9, 11, 12]. In a series of 625 patients explored because of 
penetrating neck injuries, there was a 53%. incidence of 
vascular injuries. Involvement of the venous system was 
noted in 61% of the vascular injuries [9]. It seems certain that 
many of these venous injuries are not detected on angio- 
grams. 

in our study, angiography had an impact on patient man- 
agement. The expioration rate in this series was significantly 
lower than in earlier reports; a negative angiogram limited 
explorations in search of vascular traumatic lesions. Our 
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experience also suggests that angiography is not necessary 
when there are no symptoms or signs other than the wound 
itself. One cannot be absolutely certain in such instances that 
a dissection or other vascular lesion is not present; however, 
the risk of missing a significant lesion with resultant serious 
harm to the patient is probably less than the potential risk of 
angiography itself. Although additional experience may further 
modify the use of angiography in such cases, we have shown 
that a clinically significant vascular lesion is unlikely under 
such circumstances. 


REFERENCES 


1. Davis JM, Zimmerman RA. injury of the carotid and vertebral 
arteries. Neuroradiology 1983;25:55-69 
2. Markey JC, Hines JL, Nance FC. Penetrating neck wounds: a 
review of 218 cases. Am Surg 1975;41 :77-83 
3. Saletta JD, Lowe RJ, Lim LT, Thornton J, Delk S, Moss GS. 
Penetrating trauma of the neck. J Trauma 1976;16:579-587 
4. Roon JA, Christensen N. Evaluation and treatment of penetrating 
cervical injuries. J Trauma 1979;19:391-397 
5. McCormick JM, Burch BH. Routine angiographic evaluation of 
neck and extremity injuries. J Trauma 1979;19:384-387 
6. Hiatt JR, Busuttil RW, Wilson SE. Impact of routine arteriography 
on management of penetrating neck injuries. Vasc Surg 
1984; 1:860-866 
7. Vitek JJ. Femoro-cerebral angiography: analysis of 2000 consec- 
utive examinations; special emphasis on carotid artery catheter- 
ization in older patients. AJR 1973;118:633-647 
8. Giannotta SL, Ahmadi J. Vascular lesions with head injury. In: 
Wilkins RM, Rengachary SS, eds. Neurosurgery. New York: 
McGraw-Hill, 1985:1678~1688 
9. Sheely CH, Mattox KL, Reul GJ, Beall AC, DeBakey ME. Current 
concepts in the management of penetrating neck trauma. J 
Trauma 1975;15:895-900 
10. Elerding SC, Manari FD, Moore EE. Reappraisal of penetrating 
neck injury management. J Trauma 1930;20:695-697 
11. Rao PM, Bhatti MF, Gaudino J. Penetrating injuries of the neck: 
criteria for exploration. J Trauma 1983;23:47-49 
12, Massac EJR, Siram SM, Leffall LDJ. Penetrating neck wounds. 
Am J Surg 1983;145:263~-265 
13. Monson DW, Saletta JD, Freeark RJ. Carotid-vertebral trauma. 
J Trauma 1969;9:987-999 





The reader’s attention is directed to the Editorial on this article, which appears on the following pages. 


1000 


Editorial 





Angiography in Penetrating Neck Injuries 


A paper by North and his colleagues in this issue [1] 
concerns emergency angiography in penetrating injuries of 
the neck and face. The information contained in that article 
should be carefully studied by radiologists who work in hos- 
pitals with large trauma services. Of particular interest are the 
78 patients in whom emergency angiography was performed 
when there were no other physical or neurologic findings or 
symptoms, except for minor soft-tissue swelling at the 
wound-entry site. Seventy-six of those patients had normal 
angiography. In only one patient was there a significant find- 
ing—a vertebral artery occlusion—and in that case it did not 
affect the patient’s treatment. The basic question is, therefore, 
whether angiography is justified under these circumstances, 
given the apparent low rate of positive findings and the 
inherent risks of carotid and vertebral arteriography. 

Recommendations for routinely exploring all penetrating 
neck injuries that result from stab or gunshot wounds have 
been published in the surgical literature [2]. The object of 
these explorations was to directly visualize and repair, when 
necessary, those important structures that might have been 
damaged as a result of the injury. Contrary to this was the 
more conservative approach by Rao et al. [3]. Because these 
investigators believed that there would be a high probability 
of negative explorations if surgery were done in the absence 
of physical findings, they concluded that mandatory explora- 
tion was not required. In order to identify significant vascular 
injuries while avoiding unnecessary explorations, others have 
recommended routine angiography [4] so that patients re- 
quiring surgery for vascular injuries could be distinguished 
from patients who could simply be observed. This approach 
seemed sensible and in many trauma centers routine angiog- 
raphy became part of the standard protocol used in evaluating 
penetrating neck injuries. 

Experience at our medical center with extremity injuries 
indicated that routine angiography was fruitful and directly 
affected patient management when there was a hematoma, 


active bleeding from the wound, absent pulses, a bruit/thrill, 
or neurologic findings [5]. When there were no significant 
findings, peripheral angiography was unrewarding. We believe 
that the same observations pertain to mid-neck injuries. After 
the receipt of North’s paper, the chiefs of neuroradiology 
sections in eight hospitals that have large trauma services 
were contacted to see if North’s and our experiences were 
shared by others. Specifically, the information sought was the 
procedure used when the surgeon ordered angiography for 
mid-neck injuries when there were no significant findings. 
These conversations indicated that although emergency an- 
giography was done in such cases, the studies were uniformly 
negative. No one was able to recall a single positive case. It 
is of considerable interest that, as a result of North’s data, 
surgeons at that hospital are now willing to carefully observe 
and monitor these patients rather than ordering routine an- 
giography (H. Segall, personal communication). 

Before confronting a surgeon in this potentially controver- 
sial area, the radiologist must be aware of how most surgeons 
view these injuries. It is commonplace to divide neck and face 
into three zones [6]: zone 1—below the cricoid cartilage; 
zone 2—between the cricoid cartilage and the mandible; zone 
3—above the mandible. Because the clinical consequences 
of penetrating injuries to zone 1 (at or near the thoracic inlet) 
and zone 3 (high cervical area) may be occult and therefore 
difficult to monitor, angiography is usually advisable in these 
cases. When a proximity injury in those zones has caused a 
lacerated vessel, a pseudoaneurysm, or a fistula, intervention 
is usually required. Because zone 2 is more easily monitored, 
a strong stand for declining arteriography in the face of 
negative findings can be made for injuries in this area. While 
one could argue that after a gunshot wound to zone 2, a 
shock-wave effect could theoretically cause damage to the 
wall of a distant vessel and result in a subintimal tear, the 
possibility of that type of injury is extremely remote. Until data 
are presented to the contrary, the need to do emergency 
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angiography in zone 2-penetrating injuries with no clinical 
findings is seriously questioned. Since all these patients are 
admitted to the hospital for observation, angiography could 
be performed if clinical signs develop. 

To absolutely convince our surgical colleagues of the valid- 
ity of this approach, a prospective multicenter study with the 
direct and active participation of each hospital's trauma serv- 
ice is desirable. A large amount of data, accumulated over a 
relatively short period of time, could then be evaluated. With 
this information, the interest of these traumatized patients will 
best be served and unnecessary angiography will be avoided. 
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This is a selection from the Interventional Radiology Rounds 
of the University of California, San Francisco. The discussion 
focuses on the radiologist’s role in the management of pa- 
tients with sclerosing cholangitis and includes clinical and 
radiologic descriptions of the disease and a discussion of the 
range of fluoroscopically guided catheter techniques. 

Dr. LaBerge.—A 40-year-old man with a long history of 
ulcerative colitis, well controlled on Azulfidine, developed 
pruritis, jaundice, and a serum bilirubin of 15 mg/dl. Diagnostic 
ERCP was attempted but was unsuccessful. A percutaneous 
transhepatic cholangiogram was performed (Fig. 1). Dr. Po- 
gany, would you comment on this study? 

Dr. Pogany.—The cholangiogram shows good filling of both 
the right and left intrahepatic ducts. The right biliary radicles 
are unusually small and somewhat irregular in contour. Al- 
though the left duct is dilated centrally, its peripheral branches 
are attenuated and show contour irregularities. Localized 
areas of segmental narrowing are seen in the small intrahe- 
patic branches. The extrahepatic duct is poorly filled. The 
lumen appears beaded with smali saclike outpouchings. The 
most distal segment, barely visible on this radiograph, is very 
constricted. These cholangiographic findings are typical of 
primary sclerosing cholangitis. 
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Dr. LaBerge.—Because of persistent symptoms, the pa- 
tient underwent surgery. An end-to-side choledochojejunos- 
tomy was constructed through which' a T-tube was placed 
into the common bile duct. The patient did quite well after this 
procedure. His bilirubin dropped to 4.0 mg/dl, and the T-tube 
was removed. 

Approximately 4 years later the jaundice recurred and the 
patient was readmitted to the hospital. An ERCP could not 
be performed, and a transhepatic cholangiogram was at- 
tempted. This procedure was very difficult. | understand that 
more than 50 passes were made in an attempt to opacify his 
biliary system. Dr. Ring, could you comment on the maximum 
number of passes that can be used to opacify the biliary tree 
during transhepatic cholangiography? 

Dr. Ring.—\n the 10 years or so since thin-needie cholan- 
giography first became popular, vast experience has repeat- 
ediy demonstrated the safety of the method. Successive 
articles describing this procedure have progressively in- 
creased the recommended number of needle passes. It is my 
belief that because of the low risk involved, there is probably 
no limit to the number of passes that can be made. | do not 
use any fixed limit, but | terminate a procedure and declare it 
unsuccessful only because of increasing patient discomfort 
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Fig. 1.—Percutaneous cholangiogram shows 
typical changes of primary sclerosing cholangi- 
tis. Peripheral intrahepatic ducts are narrowed 
and show contour irregularities. Extrahepatic 
duct is unusually tortuous with saclike outpouch- 
ings (arrows). 


Fig. 2.—Injections of contrast medium through 
T-tube and U-tube show poor filling of intrahe- 
patic ducts. 


or, more commonly, because extravasated contrast medium 
from intraparenchymal injections completely obscures visibil- 
ity. 

Dr. Kerlan.—Have you ever had any problems with bleed- 
ing, abscesses, or infectious complications after performing 
a percutaneous cholangiogram? 

Dr. Ring.—Complications of thin-needile cholangiography 
are infrequent. In a multiinstitutional review, Harbin et al. [1] 
reported a complication rate of only 3% out of 3596 proce- 
dures. Three types of risks are involved during the stages of 
thin-needle cholangiography. First are the chest complications 
that can occur if the needle traverses the costophrenic sulcus. 
Although this route of needle entry appears to be quite 
common, complications are uncommon. Second are the risks 
of the needle damaging the liver parenchyma, and these 
appear to be minimal when such a fine needle is used. The 
only bleeding complication | have seen after thin-needle chol- 
angiography occurred when an uncooperative patient devel- 
oped a liver laceration from thrashing about during the pro- 
cedure. Finally, the most common complications of percuta- 
neous cholangiography occur after a duct has been entered 
and contrast medium is injected. If an excessive amount of 
contrast medium is used, ductal pressure rises and sepsis 
may ensue. To reduce the risk of infectious complications, it 
is therefore extremely important to minimize the volume of 
contrast medium used and to employ gravity and positional 
changes for the portrayal of the ductal anatomy. 

Dr. LaBerge.—Because of persistent symptoms and a rise 
in serum bilirubin from 4 to 12 mg/dl, the patient underwent 
a second operation. A U-tube was passed through a right 
hepatic duct across the choledochojejunostomy anastomosis 
to exit through the jejunal loop. A T-tube was also placed in 
the common duct. This procedure proved unsuccessful, and 
the patient became progressively more jaundiced. Injections 
of contrast material through the T-tube and U-tube showed 
that relatively few intrahepatic ducts were actually in conti- 
nuity with the surgically placed tubes (Fig. 2). 

The T-tube was then removed, and a catheter was manip- 
ulated through its tract to the origin of the right hepatic duct. 
Contrast medium injected through the catheter demonstrated 
that the right ductal system was isolated by a stricture prox- 
imal to the entrance of the U-tube (Fig. 3). 
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Dr. LaBerge.—Dr. Ring, could you comment on the meth- 
ods you might use to ensure continued drainage of this ductal 
system? 

Dr. Ring.—To maximize drainage of the right duct, | would 
prefer to dilate the stricture and then replace the existing 
T-tube with a long-stemmed T-tube through the strictured 
segment into the right duct. This technique was attempted; 
however, the anatomy was unfavorable, and the T-tube con- 
sistently buckled into the Roux-en-Y loop rather than advanc- 
ing over the guidewire into the right hepatic duct. 

An alternative procedure is percutaneous insertion of a 
transhepatic tube. | try to avoid this approach in patients with 
sclerosing cholangitis because the ducts are small and inca- 
pable of dilating and the drainage achieved is unpredictable. 
Tubes passed through long segments of strictured ducts in 
this disease can actually worsen the obstruction by impeding 
the inflow of bile from adjoining branches [2]. 

Dr. LaBerge.—Performing a transhepatic biliary drainage in 
a nondilated ductal system, as in this case, is obviously 
difficult. Dr. Kerlan, will you explain how the procedure was 
performed? 

Dr. Kerlan.—Most transhepatic drainages are performed in 
patients with obstruction and dilated ducts. In these cases a 
22-gauge needle is used to opacify the ducts, an appropriate 
puncture site is then selected, and a 5-French needle sheath 
is passed into the target duct. A torque-control guidewire is 
then passed through the sheath and directed across the 
obstruction to the duodenum [2]. 

For very small ducts we modify our approach considerably, 
because the small target is difficult to access and a large 
number of passes may be required. A 22-gauge needle is 
used both to puncture the small ducts and to begin the 
catheterization. Several systems have been developed that 
enable conversion of a 22-gauge needle puncture of a bile 
duct into a larger catheter guidewire system. Basically, all of 
these methods depend on unimpeded passage of a 0.018-in. 
(0.46-cm) guidewire well into the lumen of the duct. However, 
when the ducts are small, the tip of the guidewire will fre- 
quently push against the wall of the duct as it exits from the 
needle tip and cause the needle to recoil out of the duct. 
Furthermore, respiratory motion makes it difficult to keep the 
needle in a stable position within a narrowed duct. By revers- 
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Fig. 3.—An angiographic catheter advanced Fig. 4.—After percutaneous biliary drainage 
through peripheral right hepatics, a new U-tube 
was inserted to drain right hepatic ducts. 


through T-tube tract was manipulated through a 
stricture at origin of right hepatic duct (arrow). 
U-tube (arrowheads) enters duct below stricture. 


ing the 0.018-in. guidewire and passing the stiff end through 
the duct into the liver parenchyma and beyond, enough 
stability is provided to insert a 3-French catheter over the 
guidewire. This catheter is comparable in diameter to an 
0:038-in. (0.097 cm) guidewire and can be followed coaxially 
by a 5-French catheter. After the 5-French catheter has been 
introduced through the duct, it is slowly withdrawn while very 
small amounts of contrast medium are injected. When the tip 
of the catheter is in the lumen of the duct, an 0.038-in. torque- 
control guide can be inserted for precise manipulation through 
the ductal system. 

With this particular patient, once the catheterization of the 
biliary tree was achieved, we decided to use this new access 
to create a U-tube. This can be done with little difficulty from 
a percutaneous approach whenever a portal of access already 
exists. In this case, the old T-tube tract served as the exit for 
the new U-tube. Once the sheath was through the stricture 
and in the extrahepatic biliary tree, a basket was manipulated 
through the T-tube tract and used to trap the transhepatic 
guidewire, which was then pulled out the T-tube tract, creating 
a U-configuration. A multi-side-hole silicone catheter was then 
passed over the guidewire to act as a new U-tube [Fig. 4]. 

Dr. LaBerge.—After this procedure, the patient's bilirubin 
decreased from 12 to 5 mg/dl. The procedure was then 
repeated on the left side, and a second new U-tube was 
inserted. Cholangiograms through the two new U-tubes dem- 
onstrated complete opacification of both the right and left 
ducts (Fig. 5). The patient did very well after the second 
procedure, and his bilirubin fell to 0.9 mg/dl. He has been 
followed for the past 11 months with interval cholangiograms 
and tube changes, and during this time his bilirubin has 
remained normal. 

Dr. Kerlan.—Dr. Goldberg, you have extensive experience 
with the diagnosis and management of patients with scleros- 
ing cholangitis. Would you review some of the important 


KERLAN ET AL 





AJR:147, November 1986 





Fig. 5.—A second U-tube was percutaneously 
placed to drain left ducts. 


points about this problem? 

Dr. Goldberg.—Sclerosing cholangitis is a difficult disease. 
It is a progressive process that ultimately leads to hepatic 
failure. The rate of progression varies with each patient, and 
the course of the disease in any individual is difficult to predict. 

Clinically, 70% of patients with primary sclerosing cholan- 
gitis are men, and over 60% of these patients are less than 
45 years old [3]. Seventy percent of patients have associated 
inflammatory bowel disease; chronic ulcerative colitis is by far 
the most common type. 

The cause of this disease continues to be a mystery. 
Despite the clear association with inflammatory bowel dis- 
ease, there does not appear to be a causal relationship. In 
fact, patients with chronic ulcerative colitis will occasionally 
develop primary sclerosing cholangitis years after total colec- 
tomies. Occasionally, patients will also have isolated cholan- 
gitis and subsequently develop symptoms related to inflam- 
matory bowel disease. 

A genetic predisposition has been suggested. In fact, scle- 
rosing cholangitis and inflammatory bowel disease have been 
observed in siblings [4]. However, these correlations remain 
inconclusive. A relationship of the disease and HLA-B8 has 
also been detected [5]. Nevertheless, the diagnosis of scle- 
rosing cholangitis can be difficult and involves biochemical, 
histologic, and cholangiographic criteria [6]. 

The histologic evaluation is often the most difficult. The 
process is characterized by a proliferation of connective tissue 
along the portal tracts associated with a mild infiltration of 
chronic inflammatory cells. Histologic changes typical of pri- 
mary sclerosing cholangitis only occur early in the disease 
process. These changes include a fibrous-obliterative cholan- 
gitis in which solid cords of connective tissue replace ductal 
segments. However, in most patients, the disease process is 
more advanced by the time a liver biopsy is performed, and 
the histologic features are not specific. 
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Therefore, the cornerstone of establishing a diagnosis of 
sclerosing cholangitis is usually direct cholangiography. The 
optimal method to obtain a direct cholangiogram in this group 
of patients is through ERCP. This allows adequate visualiza- 
tion of the biliary system as well as the pancreatic duct. 
Although usually normal in patients with sclerosing cholangi- 
tis, the pancreatic duct can be involved in up to 8% of cases 
[7]. In addition, ERCP is often technically easier than percu- 
taneous transhepatic cholangiography in these patients, who 
often have extremely attenuated ductal systems. When an 
ERCP cannot be performed for technical reasons, such as 
inability to cannulate the sphincter or the presence of chole- 
dochojejunostomy, percutaneous cholangiography remains a 
viable alternative. 

The typical cholangiographic features include diffuse multi- 
focal strictures involving both the intrahepatic and extrahe- 
patic biliary system. In less than 30% of patients, only the 
intrahepatic ductal system is involved. Two cholangiographic 
features appear to be quite specific for sclerosing cholangitis: 
beading and diverticula formation. The beaded appearance is 
created by a series of short (1-10 mm) annular, bandlike 
strictures with intervening areas of dilatation [8-10]. Divertic- 
ula represent focal, eccentric 2-15 mm outpouchings of the 
ductal lumen, which are often, but not always, adjacent to 
areas of stricturing. Whether these are ulcers or diverticular 
outpouchings with a mucosal lining is not known. 

The severity of sclerosing cholangitis can be categorized 
by the cholangiographic features into three types: mild, mod- 
erate, and severe [9]. The mild type is characterized by minor 
irregularities, as well as serrations and waviness in the mu- 
cosal surface. Moderate disease is indicated by the presence 
of multifocal bandlike strictures and diverticular outpouchings. 
In severe disease, large segments of the intrahepatic biliary 
system are replaced by fibrous tissue, giving rise to nonopa- 
cification or a “pruned tree” cholangiographic appearance. 

Differential diagnoses of these cholangiographic patterns 
include secondary sclerosing cholangitis, primary biliary cir- 
rhosis, and cholangiocarcinoma; ductal sclerosis has been 
induced by hepatic arterial infusion of 5-fluorouracil (FUDR) in 
patients with liver tumors [10]. 

Secondary sclerosing cholangitis must be suspected in any 
patient who has had biliary surgery other than a simple 
cholecystectomy. The cholangiographic pattern created by 
long-standing postsurgical strictures with recurrent pyogenic 
cholangitis can be nearly identical to the appearance of pri- 
mary sclerosing cholangitis. 

Primary biliary cirrhosis is generally easily differentiated by 
the fact that this disease never involves the extrahepatic 
biliary system. Furthermore, the ductal system, although nar- 
rowed, does not have areas of stricture and dilatation, nor is 
there irregularity of the duct contour. Since most patients 
with primary biliary cirrhosis will have antimitrochondrial an- 
tibodies present in their serum, clinical differentiation is usually 
not difficult. 

The pattern of ductal sclerosis in patients who have been 
treated with hepatic artery therapy can be differentiated from 
primary sclerosing cholangitis because the ductal strictures 
in this entity are mainly localized to the common hepatic duct 
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and proximal portion of the segmental ducts. The common 
bile duct and smaller peripheral ducts are typically not in- 
volved. 

Cholangiocarcinoma may mimic primary sclerosing cholan- 
gitis. Rarely, a diffuse cholangiocarcinoma may be encoun- 
tered that has cholangiographic features similar. to primary 
sclerosing cholangitis [11]. However, the usual case of 
cholangiocarcinoma has a much more focal distribution with 
smooth dilation of the ductal system proximal to the site of 
obstruction. A more difficult problem is the possibility of 
cholangiocarcinoma developing in a patient with sclerosing 
cholangitis. An association between these diseases has been 
suggested [3]. Since patients with primary sclerosing cholan- 
gitis may develop cholangiocarcinoma, it may be impossible 
to determine when this event has occurred in the overall 
course of the disease. The presence of a complete obstruction 
of the extrahepatic bile duct should lead one to suspect 
neoplasm. Unfortunately, aspiration biopsy is of limited use- 
fulness in diagnosing cholangiocarcinoma, which is frequently 
surrounded by a dense fibrous reaction. Likewise, transcath- 
eter needle biopsy and brush cytology often fail to yield a 
diagnosis. In fact, pathologic differentiation between scleros- 
ing cholangitis and cholangiocarcinoma can be difficult even 
with surgically resected specimens. 

Dr. Kerlan.—Dr. Ring, would you elaborate upon the tech- 
nical aspects of management in these difficult cases? 

Dr. Ring.—My recommended management for patients 
with .sclerosing cholangitis is a combined surgical—interven- 
tional radiologic approach. A surgical drainage procedure is 
performed and a conduit created so that subsequent inter- 
ventions under fluoroscopic guidance can provide intermittent 
toilet of the biliary tree. Commonly, one or more tubes are 
introduced into the biliary tree as was done in this patient. 
More recently, a relatively simple access to the biliary tree 
has been used that avoids the annoyance of caring for per- 
manent drainage tubes. With this approach a Roux-en-Y 
choledochojejunostomy is constructed at the time of surgery, 
and a segment of the Roux-en-Y loop is placed in an extra- 
peritoneal location. In some medical centers this loop is 
connected to the skin as an open ostomy [12]. However, if 
the extraperitoneal segment is kept closed and marked with 
metal clips, it is relatively simple and safe to puncture the 
Roux-en-Y loop intermittently and introduce a catheter that 
can be manipulated into the biliary tree. In this way newly 
formed strictures can be dilated and stones removed. At the 
end of the procedure, the catheter is removed and the punc- 
ture site closes rapidly without concern about bile leakage or 
peritonitis [13]. 

In summary, the management of patients with sclerosing 
cholangitis remains frustrating. Ultimately, all patients with 
this disease will develop cirrhosis and liver failure. The meth- 
ods of interventional radiology have been useful to delay the 
process and maintain bile flow as long as possible. 
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Percutaneous Aspiration and 
Drainage of Pancreatic 
Pseudocysts 





Twenty-five patients with pancreatic pseudocysts had therapeutic intervention pro- 
cedures that included diagnostic aspiration, short-term drainage (aspiration until com- 
pletely drained), and long-term catheter drainage. Diagnostic aspirations were used to 
classify the pseudocysts as infected or noninfected. Short-term drainage was performed 
on six pseudocysts (two infected and four noninfected) with little success. One resolved 
and five recurred. Fifteen pseudocysts were treated by long-term catheter drainage. 
Eight of these (four infected and four noninfected) resolved after initial long-term 
drainage; two others resolved after additional drainage. The cure rate in these 15 
patients was 67%. The other five patients were treated surgically after they had been 
stabilized but not cured by percutaneous drainage. Complications were few and uni- 
formly minor except for one pneumothorax. Percutaneous aspiration should be used in 
the diagnosis of pancreatic fluid collections. In noninfected pseudocysts, drainage can 
be curative. In infected pseudocysts, percutaneous drainage is useful to stabilize the 
patient and can be either a cure or a temporizing measure until surgery can be performed. 


Pancreatic pseudocysts reportedly occur in 2-18% of patients with pancreatic 
inflammatory disease [1, 2]. Although spontaneous resolution takes place in 
8-20% of cases, it is rare in pseudocysts that have been present longer than 2 to 
6 weeks [1, 3, 4]. Patients with pancreatic pseudocysts can develop severe 
complications, including pseudocyst rupture; abscess formation; and obstruction 
of adjacent bowel, bile ducts, or vessels. Percutaneous drainage of both infected 
and noninfected pseudocysts by means of CT and sonographic guidance has 
shown promising results [3, 5-8]. This report details our experience with percuta- 
neous pseudocyst drainage and attempts to determine the usefulness of percuta- 
neous aspiration and drainage in the treatment of complicated and uncomplicated 
pancreatic inflammatory disease. 


Subjects and Methods 


Fifteen men and 10 women with elevated serum amylase and symptoms of pancreatitis 
who had CT findings of pancreatic fluid collections were the basis for this study. The age 
range was 9 to 66 years (median 51, mean 47). Causes included acute and chronic alcoholic 
pancreatitis (nine), biliary pancreatitis (four), trauma (one), tumor (one), postoperative pan- 
creatitis (two), and idiopathic pancreatitis (eight). After the extent of pancreatic inflammatory 
disease was determined by CT, guided diagnostic aspiration of the fluid collections was 
performed to determine whether the collections were infected. Fluid amylase level was 
determined for each aspirate. Gram stain and culture were obtained to exclude infection or 
to aid in the selection of appropriate antimicrobial therapy. The collections were then classified, 
on the basis of categories defined by Gerzof et al. [6], into infected and noninfected 
pseudocysts. No pancreatic phlegmons or pancreatic abscesses were included. 

Four of the procedures were performed under sonographic guidance; the remaining 21 
procedures were done with CT. Initial aspiration was performed by using 18- to 22-gauge 
needles, depending on the size and location of the fluid collection. Eighteen-gauge sheath 
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needles were preferred. Catheter drainage was initiated in all patients 
who had large, grossly purulent, or symptomatic fluid collections. 

A variety of catheters were used: nine 12- or 14-French van- 
Sonnenberg sump catheters (without suction), thirteen 8.3-French 
all-purpose drainage catheters, and three miscellaneous-sized cath- 
eters. Two patients had two or more catheters inserted. The size of 
the catheter was chosen on the basis of the viscosity of the aspirate. 
Placement was determined by CT, sonography, and sinography. 

Criteria for discontinuance of long-term catheter drainage were 
improvement in the patient's clinical status (e.g., afebrile), diminished 
or no catheter output, and collapse of the cavity as seen on CT or 
sonography. if clinical status worsened or if the evaluation of drainage 
showed evidence of residual collections or new collections were seen 
on CT, sonography, or sinography, additional catheters were inserted. 
Clamping catheters and rescanning after 1-2 days was another 
method used to decide when drainage should be terminated. If fluid 
reaccumulated, the catheter was left in place because this finding 
probably meant ductal communication; if no reaccumulation occurred, 
the catheter was withdrawn. In a third method, the catheter was 
exchanged for an end-hole catheter that was slowly withdrawn over 
several days. 


Results 
Diagnostic Aspiration 


Fluid for diagnostic analysis was successfully obtained in 
all 25 patients. Five patients had no further radiographic or 
surgical intervention; they were managed medically, and their 
pseudocysts were fallowed by CT or sonography. These five 
pseudocysts resolved without additional therapy. Two addi- 
tional patients had percutaneous drainage after cultures of 
their fluid aspirates were positive. The remaining 18 patients 
had therapeutic drainage at the time of the initial diagnostic 
aspiration because their pseudocysts were large and/or 
symptomatic or because the fluid aspirates were grossly 
purulent. Thus, 20 of the 25 patients had percutaneous 
drainage. 


Short-Term Drainage 


Six patients (two with infected pseudocysts, four with 
noninfected pseudocysts) had short-term drainage proce- 
dures. The pseudocyst contents were evacuated, but without 
placement of a long-term percutaneous indwelling catheter. 
After one-step drainage, one infected pseudocyst resolved 
without additional intervention; the remaining five pseudo- 
cysts recurred. One of these five was a noninfected pseudo- 
cyst that resolved after long-term percutaneous drainage by 
an indwelling catheter. In two of these five (one infected, one 
noninfected), repeat short-term drainage provided sympto- 
matic relief from abdominal pain before surgery. The remain- 
ing two patients who had recurrence of their noninfected 
pseudocyst after a second attempt at short-term drainage 
were treated surgically. 


Long-Term Percutaneous Drainage 


Fifteen patients (nine with infected pseudocysts, six with 
noninfected pseudocysts) had long-term drainage after per- 
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cutaneous placement of indwelling catheters. Long-term cath- 
eter placement ranged from 2 to 95 days (median 6, mean 
17). The size of the catheter had no bearing on the eventual 
outcome. Two patients were managed as outpatients; one 
had an indwelling catheter for 12 weeks, and one had a 
percutaneously placed stent between the stomach and pan- 
creatic pseudocyst left in place for 95 days. Eight pseudo- 
cysts (four infected, four noninfected) resolved after long-term 
drainage. One additional infected pseudocyst resolved after 
a second long-term percutaneous drainage. Another infected 
pseudocyst resolved after three attempts at percutaneous 
catheter drainage. Thus, 10 of the 15 pseudocysts resolved, 
resulting in a cure rate of 67%. 

Five of the 15 patients were treated surgically after unsuc- 
cessful long-term catheter drainage. In two unstable patients 
catheter drainage was a temporizing measure that allowed 
time for clinical improvement before surgery. Three patients 
were treated surgically after long-term percutaneous treat- 
ment failed. Two of the three failures were attributed to 
fistulous communication between the pseudocyst and the 
main pancreatic duct that resulted in continuous drainage. 
The remaining failure was due to technical problems with 
catheter occlusion and inadequate drainage despite several 
attempts at repositioning and replacing the catheter. 

A total of nine patients, therefore, ultimately required sur- 
gery. Four patients with infected pseudocysts had incision 
and drainage with debridement of the pancreatic bed; all did 
well postoperatively. Infected pseudocysts were differentiated 
from pancreatic phlegmons by the nature of the aspirated 
matter. An infected pseudocyst is a well-defined fluid mass 
that can be drained via a percutaneous catheter. A pancreatic 
phiegmon is an indurated inflammatory mass of pancreatic 
and adjacent tissue that cannot be drained. Of the five pa- 
tients with noninfected pseudocysts, two had cystogastros- 
tomy, one had a cystojejunostomy, and two had distal pan- 
createctomies and splenectomies. The three patients who 
had cystoenteric anastomosis all did well postoperatively 
without pseudocyst recurrence. One of the patients who had 
a distal pancreatectomy and splenectomy suffered a deterio- 
rating course and died 7 weeks after the operation. 


Complications 


Three complications were the direct result of percutaneous 
drainage and were considered minor. One patient had a 20% 
pneumothorax, which resolved without intervention. A second 
patient, after a 12-week drainage, had Candida albicans 
infection of the tube tract, which had no effect on patient 
management. A third patient was thought to have a contam- 
inated diagnostic aspirate, which resulted in a false-positive 
diagnosis. This patient was treated medically without radio- 
logic or surgical intervention and did well. 


Discussion 


Management of the patient with a pancreatic pseudocyst 
is controversial. These patients can either be treated con- 
servatively or with surgical (external or internal) or percuta- 
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neous drainage. The preferred nonemergent surgical man- 
agement of noninfected pseudocysts is observation for ap- 
proximately 6 weeks from the onset of symptoms while the 
fibrous membrane necessary for successful internal drainage 
develops around the pseudocyst. Decompression is then 
obtained via cystogastrostomy or cystojejunostomy. During 
this 6-week period spontaneous resolution is noted in 8-20% 
of cases. In the remaining group of patients, severe compli- 
cations necessitating immediate surgery occur in 20% [1, 4]. 
Previously, acutely infected pseudocysts were managed by 
prompt external surgical drainage. However, percutaneous 
drainage is now being used with increasing frequency. 

The high incidence of complications favors some type of 
early intervention, yet some uncompiicated pseudocysts re- 
solve without intervention. Furthermore, surgical external 
drainage of the acute pseudocyst (less than 6-weeks duration) 
can result in a morbidity as high as 42%, with death after 
surgery in up to 19% of cases [9, 10]. Early external drainage, 
even though less desirable, has beer: advocated because of 
the severity of complications during the expectant period. 
Many believe that if a pseudocyst is present longer than 2 to 
6 weeks, the chance of spontaneous resolution is poor and 
the likelinood-of complication is great [4, 10]. The expectant 
period is not without problems, however; complications (rup- 
ture, ascites, hemorrhage, abscess formation, etc.) occur in 
24% of the cases, with a resultant mortality of 6% [1]. 

When pancreatic pseudocysts are complicated by severe 
pain or biliary obstruction or infection, decompression should 
be performed immediately. Percutaneous aspiration and 
drainage usually can be performed at any time during the 
patient’s course. In this series, as in others, the rate of 
radiologic complications is far less than those reported in the 


Surgical literature [2, 3, 6, 10]. Our complication rate was 


extremely small, and the complications were minimal except 
for one pneumothorax. Furthermore, no infection developed 
in drained noninfected pseudocysts. 

Infection cannot be predicted reliably by CT [11]. Diagnostic 
aspirations are performed on patients with pseudocysts who 
have abdominal pain or who have large fluid collections that 
may be infected. If the aspirate is grossly purulent or if the 
cultured aspirate is positive, long-term percutaneous drainage 
is undertaken. In large sterile collections, long-term catheter 
drainage is undertaken to minimize the risk of complications. 
Short-term drainage is not recommended because the benefit 
of this technique seems to be questionable. The resolution of 
one of six pseudocysts treated by short-term drainage is 
thought to be related to the natural history of the cyst rather 
than to the results of the drainage. 

Five patients with noninfected pseudocysts had cyst aspi- 
ration and were treated medically until resolution. These 
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patients were early ones in our series before strict criteria for 
drainage were developed. 

Long-term drainage of pseudocysts was successful in 10 
(67%) of 15 patients. This, plus the improved clinical status 
of the remaining five patients who eventually needed surgery, 
supports the belief that drainage should become the initial 
therapy for clinically symptomatic pseudocysts. For patients 
in whom drainage fails or in whom symptomatic pseudocysts 
persist after long-term drainage, surgery is recommended. 

In summary, percutaneous aspiration should be used in the 
diagnosis of pancreatic fluid collections. In noninfected pseu- 
docysts, drainage can be curative. In infected pseudocysts, 
percutaneous drainage is useful to stabilize the patient and 
can be either a cure or a temporizing measure until surgery 
can be performed. Complete evacuation of the pseudocyst 
without catheter drainage does not seem to be useful because 
most recur. In this series neither percutaneous drainage nor 
surgery yielded 100% cure, but combined radiologic and 
surgical techniques yielded optimum results with minimum 
morbidity. 
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Basket Extraction of Esophageal Foreign Bodies 


Hubert A. Shaffer, Jr.,' Bennett A. Alford, "? Eduard E. de Lange,’ G. Andrew Meyer,’ and Joan Mclihenny' 


When a foreign body becomes lodged in the esophagus, 
appropriate management depends on the nature of the swal- 
lowed object [1]. Prompt endoscopic removal is recom- 
mended for a sharp-edged or pointed foreign body because 
of its potential for esophageal-wall penetration and perforation 
[2, 3]. Likewise, small disk batteries, such as those used in 
electronic watches and calculators, should be withdrawn 
without delay to prevent caustic erosion and perforation of 
the esophagus [4]. However, if the foreign body has smooth 
surfaces and is nontoxic, one may justify delaying extraction, 
because most blunt objects will pass spontaneously without 
incident [2, 5-7]. To hasten passage into the stomach, a 
number of noninvasive pharmacologic and mechanical meas- 
ures have been advocated, such as glucagon to relieve lower 
esophageal sphincter spasm [1, 5, 8, 9], sublingual nitro- 
glycerin to eliminate more widespread smooth muscle spasm 
[5], and carbon dioxide gas to distend the esophagus and 
push impacted food beyond fixed strictures [9, 10]. When 
noninvasive methods fail to dislodge a blunt object, extraction 
is required. Currently, most foreign bodies are removed with 
instruments passed through an endoscope or with a Foley 
catheter balloon inflated distal to the impaction and withdrawn 
under fluoroscopic control [11, 12]. 

We introduce a method for removing blunt foreign bodies 
from the esophagus using a Dormia-type wire basket under 
fluoroscopic quidance. The technique is a natural extension 
of the popular procedure developed by Burhenne [13] for 
removing residual bile duct stones through the T-tube tract. 
We have found the procedure particularly useful for removing 
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soft food boluses and hard, spherical objects (such as fruit 
pits) that have become impacted above esophageal strictures. 


Materials and Methods 
Materials 


A selection of biliary stone baskets (Medi-tech, Inc., Watertown, 
MA) measuring 15, 20, and 25 mm in diameter will permit extraction 
of esophageal foreign bodies in all patients, from infants to adults 
(Fig. 1). For each patient, a basket diameter is chosen to match the 
diameter of the esophagus so that there will be no space outside the 
basket into which the foreign body can escape during its removal. 
The 55-cm working length of these baskets is adequate to reach the 
distal esophagus, even in tall adults. 

To introduce the basket into the esophagus, we prefer to use a 
10-French feeding tube (Argyle, St. Louis, MO). It can be cut short 
enough to permit the basket to extend beyond its end and open fully. 
Because of the way the feeding tube is coiled in its sterile package, 
there are set curves approximately every 15 cm along its length. 
Cutting the tube at a selected point on one of these curves creates 
a custom-curved tip that can be torqued for directing a guidewire 
around lodged material and through eccentric strictures (Fig. 2). 
Gently heating the cut end of the tube will make it smooth. The other 
end snugly attaches to any Luer-Lok syringe with no need for an 
adapter. The tube has an opaque marker, making it easy to identify 
during fluoroscopy. The lumen is large enough to permit suctioning 
of tenacious secretions, which often accumulate above an impacted 
foreign body. 

Other required equipment includes a tilting fluoroscopic table, 
topical anesthetic for the pharyngeal mucosa, an angiographic 
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Fig. 1.—Medi-tech biliary stone bas- 
kets ranging in diameter from 15-25 
mm. Formed from four helical wires, 
these baskets work well for extraction 
of foreign bodies from the esophagus. 


Fig. 2.—Argyle 10-French feeding 
tube used to introduce wire basket. On 
left, note that feeding tube, when re- 
moved from manufacturer’s package, 
has set curves at intervals along its 
length. Tube may be cut to create any 
working length and custom-curved tip 
one desires (right). A Luer-Lok syringe 
is attached to proximal end of tube. 


Fig. 3.—A-G, Diagram of steps in basket 
extraction technique. For details see text. 
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guidewire with a flexible “J” or straight tip, dilute barium sulfate, 
scissors, and two syringes (30-60 ml). Infants and young children 
must be secured in an immobilization device. A bite block or padded 
tongue depressor may be necessary to keep the teeth apart in a 
young child to allow free passage of the instruments. No sedation or 
general anesthesia is required. 


Methods 


A barium swallow should always be obtained first to evaluate the 
nature and location of the foreign body and to determine if a stricture 
is present. This knowledge allows one to select a basket of proper 
diameter and to custom-cut the length and the curve on the end of 
the feeding tube. 

After the posterior oropharynx is sprayed with topical anesthetic, 
the modified feeding tube is passed through the mouth (not the nose) 
into the esophagus above the impaction. If the esophageal wall and 
foreign body are no longer outlined with barium, coating is reestab- 
lished by injecting a small amount of dilute barium through the tube 
(Fig. 3A). This is done with the head of the X-ray table elevated to 
reduce the chance of aspiration into the airway. 

The guidewire is inserted into the feeding tube. By rotating the 
tube to deflect its tip to one side of the foreign body, the guidewire 
can be advanced carefully around the object under fluoroscopic 
control. The tip of the wire is passed well beyond the foreign body, 
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often as far as the stomach (Fig. 3B). The feeding tube is then 
advanced over the guidewire well beyond the foreign body. This 
usually places the end of the tube within an underlying esophageal 
Stricture (Fig. 3C). 

The guidewire is removed from the feeding tube, and a basket of 
appropriate size is inserted. The basket is advanced inside the feeding 
tube until it is located beside the foreign body (Fig. 3D). The longitu- 
dinal midpoint of the basket must be positioned at or below the lower 
margin of the foreign body in order to capture the object when the 
basket is unsheathed. If the position of the basket must be adjusted, 
it should be advanced only within the protective cover of the feeding 
tube to avoid any risk of esophageal-wall penetration. 

After the basket is properly positioned, the feeding tube is with- 
drawn to unsheath the basket. At first, the basket may not open fully 
because it is deformed by the adjacent foreign body and may be 
restricted by an underlying esophageal stricture (Fig. 3E). If the basket 
is withdrawn a short distance at this time, it will dislodge the foreign 
body upward from the stricture into the normal esophagus where the 
basket has room to expand fully. The foreign body is engaged in the 
basket by twirling the instrument until the object is enclosed within 
its wires (Fig. 3F). 

The patient is turned onto his right side, and the X-ray table is 
turned to a head-down position to reduce the risk of aspiration during 
extraction. With the foreign body trapped and controlled within the 
basket, the feeding tube and basket are withdrawn together from the 
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esophagus through the mouth in one smooth, continuous motion 
(Fig. 3G). Transient resistance may be encountered as the mass 
passes the cricopharyngeus, but this is overcome by steady traction 
on the basket. 


Results 


Fluoroscopically guided basket extraction of 12 esophageal 
foreign bodies was accomplished in 11 patients. Patients 
ranged in age from 12 months to 71 years. Most (6/11) were 
infants and children. Impacted food was identified as the 
foreign material in 11 of 12 incidents. Poorly chewed meat 
was the cause in at least 10 of these. In addition to the 11 
food impactions, one prune pit was extracted. In every case, 
there was an underlying abnormality of the esophageal wall 
that produced narrowing of the lumen and predisposed the 
patient to food impaction. Strictures developed at surgical 
anastomoses in five patients; two of these were complicated 
by a previous leak or perforation at the suture line. Stenoses 
in four patients were the result of gastroesophageal reflux: 
two peptic strictures, one Schatzki’s ring, and one spastic 
muscular “A” ring. Single cases of stricture resulted from lye 
ingestion or iatrogenic laceration of a congenital web. Our 
first patient (Fig. 4) is a representative example of this series. 

All patients were treated within 48 hr of their ingestion. In 
all but one, the foreign body was engaged and removed on 
the first pass of the basket. The lone exception was an infant 
with numerous impacted chunks of hot dog, which required 
three passes for complete removal. No complications were 
associated with the basket extractions. The basket showed 
no tendency to engage or snare mucosa in the esophagus as 
it occasionally does in the periampullary region during biliary 
stone removals. 
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Discussion 


When noninvasive methods fail to dislodge a smooth, non- 
toxic foreign body, extraction is required. Currently, the meth- 
ods usually considered are instrumentation through a rigid or 
flexible endoscope and the Foley catheter technique. In ex- 
perienced hands, each of these techniques has a reported 
success rate of 90% or better and a complication rate of 1% 
or less [1, 7, 11, 14, 15]. Each method, however, has inherent 
disadvantages. 

Since 1904, instrumentation through a rigid esophago- 
scope has been the standard procedure for removing esoph- 
ageal foreign bodies [1]. The disadvantages of rigid endos- 
copy are that it requires general anesthesia, which increases 
the risk of the procedure, and frequently necessitates hospi- 
talization, which makes it relatively expensive. In the past 
decade, fiberoptic flexible endoscopy has become a widely 
accepted alternative to rigid esophagoscopy. Although it can 
be performed as an outpatient procedure in most adults by 
using only sedation and topical anesthesia [1], children still 
require general anesthesia and hospitalization [16]. Another 
drawback is that a foreign body grasped by a snare or forceps 
cannot be withdrawn inside a fiberoptic scope for protection 
against escape and aspiration. Also, a large or fragmented 
foreign body that must be removed in pieces requires multiple 
insertions and withdrawals of the scope, adding to the dis- 
comfort and potential risk of the procedure [1, 17]. 

Regardless of whether a rigid or flexible scope is used, it 
is difficult or impossible to remove a smooth, hard, spherical 
object with a forceps or snare because there is nothing for 
the closing instrument to grasp. However, hard spheres (ball 
bearing, plastic bead, marble, and peach pit) have been 
removed endoscopically by using a Dormia basket [14, 16, 


Fig. 4.— 10-year-old boy with esoph- 
ageal lye stricture. 

A, Barium swallow shows piece of 
pork chop (arrows) impacted above 
stricture. 

B, Photograph of extracted meat 
shows it still firmly contained in basket. 
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18]. With this procedure, the basket must be inserted beyond 
the foreign body in order to capture it. Because the endos- 
copist cannot see around the impacted object, the tip of the 
advancing basket is not visually controlled. This blind insertion 
could lead to penetration of the esophageal wall, particularly 
when a stricture is present. 

Another frequently used method is the Foley catheter tech- 
nique. With this procedure, a Foley catheter balloon is inflated 
distal to the foreign body and is withdrawn together with the 
object under fluoroscopic guidance [1, 11, 19, 20]. This 
technique is easily performed, obviates hospitalization, and 
avoids the risks of general anesthesia and endoscopy [1, 7, 
11, 20, 21]. The vast majority of the clinical experience has 
been with coins and other smooth, radiopaque objects, but 
nonopaque foreign bodies, including food impactions, have 
also been successfully removed [22]. Technical failures are 
most frequent when the foreign body is impacted in a stricture 
[11, 21]. Some consider the presence of esophageal stenosis 
to be a contraindication to Foley balloon inflation and extrac- 
tion because of the potential for esophageal rupture [19, 
22]. Concern has also been expressed about possible aspi- 


ration of the uncontrolled foreign body as it is dragged over’ — 


the glottis [12, 15]. Although these are theoretical risks, we 
have found no reports of serious complications associated 
with the Foley catheter technique. 

Aithough our series is relatively small, we have identified a 
number of advantages for fluoroscopically guided basket 
extraction of esophageal foreign bodies: (1) Being an outpa- 
tient procedure, it is relatively inexpensive. (2) There is no 
requirement for general anesthesia (or even sedation in most 
cases). (3) The method virtually eliminates the risk of esoph- 
ageal perforation because the basket is advanced within a 
protective sheath, and the relationship between the basket 
tip and the esophageal wail beyond the foreign body can 
always be seen fluoroscopically. (4) Because an open basket 
is relatively flexible and under less tension than an inflated 
Foley balloon, the theoretical possibility of perforation should 
be even less. (5) Tracheal aspiration is very unlikely because 
the foreign material is trapped and controlled within the basket 
during withdrawal. 

For removing coins and other discoid objects from the 
esophagus, we see no place for basket extraction. These flat, 
essentially two-dimensional objects would be very difficult to 
engage in the basket and secure against escape during 
withdrawal. However, we strongly advocate fluoroscopically 
guided basket extraction for removal of three-dimensional 
blunt foreign bodies, such as food boluses and hard spherical 
objects. We believe that this technique becomes the proce- 
dure of choice when there is an underlying esophageal stric- 
ture, a condition that makes other methods of extraction 
more difficult and dangerous. 


Addendum 


Since the acceptance date of this manuscript, the authors 
have performed successful basket extractions of retained 
food from four additional patients without complications. All 
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had underlying esophageal strictures due to gastroesopha- 
geal reflux. 
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Technical Note 





Effect of Suction on Biopsy Sample Size 


Mark G. Hueftle' and John R. Haaga 


In recent years many clinical reports of percutaneous pro- 
cedures have appeared, but there are few data concerning 
the effects and duration of suction upon sizes of samples 
recovered. Out of 148 publications reviewed, only seven list 
methods of suction used [1-5]. Fifty-three authors made 
qualifying remarks, such as hard suction, continuous aspira- 
tion relative to duration, or maintenance of suction. In this 
same group, 27 advocated releasing suction and 15 sup- 
ported maintaining suction. 


Materials and Methods 


A standard biopsy technique under controlled circumstances was 
used to evaluate the significance of (phase 1) effect of varying 
amounts of suction upon tissue recovery, and (phase 2) the impact 
of maintenance or release of suction. 

The equipment used consisted of a 15-cm, 30°-bevel, 20-gauge 
needle (Universal Medical Instruments Corp., Ballston Spa, NY); a 12- 
cm, 60°-bevel, 18-guage Menghini needle (Becton-Dickinson, Ruth- 
erford, NJ); and a 50-mi Luer-Lok syringe (Becton-Dickinson, Ruth- 
erford, NJ). A Gram-atic balance (Mettler Instrument Corp., Hights- 
town, NJ, distributed by Fisher Scientific Co.), accurate to 0.1 + 0.02 
mg, was used. 

Tissue used for the experiment was fresh, disease-free liver, both 
bovine and human. The liver specimen was placed on a table. By 
using a modified Menghini technique, a single pass was performed 
with the appropriate suction applied and a 3-cm incursion of the 
needle. The needle and syringe were weighed before and after the 
procedure. (The needle was wiped clean before weighing.) Size was 
the only difference between the two samples. The samples were 
taken from the same liver and from the same general area to avoid 
errors caused by density differences of the liver. A total of 290 
biopsies were obtained (100 with 20-gauge needle and 190 with an 
18-gauge needie). 
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Phase 1 was performed to assess the difference in sample size 
produced by variation of suction. The 20-gauge needle was evaluated 
with 5, 10, 20, and 30 ml and the 18-gauge needle with 0, 5, 10, 20, 
and 30 mi of negative pressure. For each set of data, five passes 
were made with each of the described amounts of suction. (The high 
and low values of each set were excluded from the average weight.) 
(Figs. 1 and 2). These data were compared with the expected 
theoretical data based on pressure change (Fig. 3). 


Ja 


SAMPLE SIZE (mg) 
N Go 


5 10 20 30 
SUCTION (m!) 


Fig. 1.—-Sampie size vs suction, 20-gauge needle. Each point = average of 
five sampies. 
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Fig. 2.— Sample size vs suction, 18-gauge needle. Each point = average 
of five samples. 
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Fig. 3.~Theoretical pressure change as calculated by Poiseuille’s law [6] 
4 


a 

for noncompressible fluids (Q = rg E n. Q = volume of fluid through cylinder, 
P = pressure difference at ends of cylinder, a = radius of cylinder, | = length, 
n = viscosity of fluid) and Boyle’s law [6] for ideal gasses (P,V, = PsV2 at 
constant temperature, P, = initial pressure, V, = initial volume, P, = final 
pressure, V2 = final volume.) 


Phase 2 studied three variations with an 18-gauge needle: (1) 20 
mi as in phase 1 but release of suction before withdrawal, (2) 20 ml 
of suction as in phase 1 with maintenance of suction, and (3) 20 mi 
as in phase 1 but with 1-sec pause at the peak depth of excursion 
(during needle removal the suction is maintained). Five passes were 
taken with each variation. Again the high and low values were 
excluded before getting the average. (This phase was repeated with 
beef liver with 10 passes taken.) These data illustrated in Fig. 4. 
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Fig. 4.—Variations in suction application. Specimens 1-4 = average of 5 
samples (human), specimen 5 = average of 10 samples (bovine). ¢ = with, § = 
without. 


Results 


The results of our study were consistent. We found no 
significant differences in sample sizes with variations of suc- 
tion with a 20-gauge needle from 5-30 m! of suction. A 
plausible explanation is that with the 18-gauge needle, the 
sample size increases rapidly from 0 ml of suction and pla- 
teaus at 5-10 ml of suction. The curve maintains a similar 
shape with each sample (Fig. 2). The measured values 
showed good correlation with the calculated theoretical data 
(Fig. 3). 

Using the same specimens as the data from Figure 2; we 
performed biopsies with the three variations in technique 
described above (Fig. 4). Because the results from the four 
human liver samples were variable, we repeated the study 
with fresh bovine liver. The results with the bovine samples 
showed a significant increase in sample size related to main- 
tenance and increased duration of suction. 


Discussion 


In trying to improve yield of percutaneous biopsy proce- 
dures, suction is an important parameter to define. With the 
data about suction defined, the most satisfactory method of 
suction for many techniques can be further perfected. Know- 
ing the optimal amount of suction, one can select the proper 
syringe size for the individual operator or for complex tech- 
niques like the “corkscrew” maneuver (large syringes are 
sometimes difficult to manipulate). 

The data from our experiment on suction show that the 
recovery of tissue is dependent on suction but that the 
amount of suction required to obtain the maximum sample is 
somewhat low (Figs. 1 and 2). With the 20-gauge needle, the 
measured size of sample at 5 mi was 84% of the highest 
amount obtained and at 10 mi was 94% of the highest amount 
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obtained. This closely correlates with the theoretical pressure 
change (Fig. 3). The initial volume (V; of Boyle’s law [6], Fig. 
3) is the controlling factor, and these data are applicable to 
all needle sizes. The initial volume relates to the space within 
the bore of the needle (as well as the dead space in the 
syringe) and hence is larger with a bigger needle and smaller 
with a smaller needle. With a larger needle, the pressure 
change will be slightly more gradual with changes in suction 
and vice versa. With needles 18 gauge or smaller (e.g., 22 
gauge), this difference in pressure change is not significant 
as long as 10 ml of suction are used. 

The other information that we evaluated was the impact of 
duration of suction on sample size (i.e., releasing, sustaining, 
or maintaining suction during a biopsy procedure). Although 
with human samples the results were inconsistent, with the 
bovine livers we found almost a 20% larger sample size if 
suction was sustained during removal of the needle (Fig. 4). 
Maintaining suction for an additional second during maximum 
excursion of the needle showed a small percentage increase 
in sample size (Fig. 4). 

These data appear to support the views of authors who 
claim that maintenance of suction obtains a larger sample 
[7, 8]. Previous concerns that aspiration of blood ceils would 
confuse the cytopathologic interpretation are no longer valid 
[9-11]. New fixatives that lyse red cells and preserve cellular 
architecture are available (Nunez C, personal communication). 

In conclusion, our in vitro study has shown that with differ- 
ent sizes of needies, one can use the amount of suction 
needed to maximize the sample recovered with aspiration 
biopsies. In our opinion, obtaining 90+% of the possible tissue 
is a reasonable goal and therefore we recommend the use of 
10-ml suction for both the 20-gauge needle as well as the 18- 
gauge needie. These correlate with a theoretical pressure 
change of 98% and 96%, respectively. Although theoretically 
one could attempt to recover 99+% of the potential sample 
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by using a larger amount of suction, our experimental data 
do not indicate that this will occur in the real biopsy setting. 
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Technical Note 





A Method for Retrieval of Retained Subcutaneous Catheter 


Fragments 


Randy R. Sibbitt,"? Julio C. Palmaz,' and Francisco Garcia’ 


Thoracentesis may be performed with a needle alone or 
with a catheter introduced through a needle. Occasionally the 
catheter may be cut off when it is inappropriately withdrawn 
against the cutting edge of the introducer needle [1, 2]. Such 
retained catheter fragments may extend from the pleural 
space to the subcutaneous muscle and fat layers of the chest 
wall. The plastic may act as a foreign body, inciting a sterile 
reaction, or serve as a focus for bacterial infection resulting 
in cellulitis or empyema [3]. Surgical removal can be difficult 
because the catheter fragment is soft, generally well below 
the skin and movable with respiration, making detection by 
palpation useless. We have treated two patients with retained 
thoracentesis catheter fragments and have developed and 
successfully used a percutaneous method for catheter frag- 
ment retrieval. The technique also has proven useful in retriev- 
ing the end of one biliary drainage catheter and one nephros- 
tomy catheter, when the tubes were inadvertently cut or 
broken near the skin and well-timed deep inhalation by the 
patients pulled the catheter ends into the subcutaneous tis- 
sues of the puncture site. 


Technique 


The catheter fragment is generally radiopaque, allowing for easy 
localization [4]. Once the fragment is located, a tangential film ob- 
tained with fluoroscopic guidance helps to ascertain depth, and 
fluoroscopic observation of motion with respiration allows determi- 
nation of pleural-space involvement. An 18- to 20-gauge needle is 
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formed into a miniature hook by pressing the tip against a hard, 
sterile surface such as a surgical tray or bowl (Fig. 1). The small 
recurved hook at the tip permits unimpeded insertion of the needle. 
The skin over the catheter is infiltrated with local anesthetic, and a 





fe.. 


Fig. 2.—Case 1. Tangential view 
of catheter fragment hooked on 
needle tip (arrow) with removal by 
slow traction. 


Fig. 1.—Small recurved hook at 
tip of 20-gauge needle formed 
through pressure against sterile 
metal surgical tray. 








' Department of Radiology, University of Texas Health Science Center at San Antonio, 7703 Floyd Curl Dr., San Antonio, TX 78284. 
2 Present address: Center for Noninvasive Diagnosis, University of New Mexico School of Medicine, Department of Radiology, Albuquerque, NM 87131. Address 


reprint requests to R. R. Sibbitt. 


AJR 147:1017-1018, November 1986 0361-803X/86/1475-1017 © American Roentgen Ray Society 


1018 


- small nick is made. The needle, oriented 90° to the most superficial 
portion of the catheter, is advanced past the catheter segment, 
rotated, and then pulled against it. The maneuver is repeated until 
the hook engages the catheter (Fig. 2). The fragment is then removed 
with gentle traction. if the catheter fragment remains bound by the 
surrounding tissue, a hemostat may be used to burrow along the 
needle to clear a path for removal. Multiple areas of partial catheter 
laceration were noted in our postthoracentesis patients, as occurred 
in one previous report [1]. Thus, an important part of the extraction 
is the slow traction on the retained fragment, since areas of weak- 
ening in the catheter wall are common. A constant smooth pulling 
motion avoids further breaks and ensures an easy, rapid retrieval. 
Postextraction chest fluoroscopy and radiographs confirm removal 
of all fragments and exclude pneumothorax. 


Discussion 


We successfully used this method in retrieving catheter 
fragments in two postthoracentesis patients and regaining 
purchase on the drainage catheters of two other patients. 
One percutaneous extraction was successful after a failed 
attempt at surgical removal. The patients tolerated the pro- 
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cedure well. After extraction, no chest-wall hematoma, hem- 
othorax, pneumothorax, or infection occurred. 

The best treatment for retained catheter fragments has not 
been established. If infection is present, the foreign body must 
be removed. The decision about whether to leave an uncom- 
plicated catheter fragment in place should be based on a 
comparison of the damage that might be done by the removal 
process with the potential harm of a chronic foreign body. We 
have successfully used this nontraumatic method of catheter- 
fragment removal without complication and encourage its use 
as a simple solution to an unsettling iatrogenic problem. 
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Small-Bowel Obstruction Due to an Intestinal Balloon: 
Treatment by Percutaneous Needle Puncture 


Y. Sato,’ E. Frey,’ A. Foderaro,” and K. C. Pringle’ 


Intestinal obstruction is a rare but potentially serious com- 
plication of enteric alimentation, which sometimes necessi- 
tates laparotomy. We report a case of smail-bowel obstruction 
caused by spontaneous inflation of the weight-bearing portion 
of a feeding catheter, which was successfully treated by 
percutaneous transabdominal puncture of the balloon. 


Case Report 


A 17-year-old woman with cerebral palsy underwent anterior fusion 
and Harrington rod placement for correction of scoliosis. Postopera- 
tively the patient received enteric alimentation via a Keofeed (IVAC 
Corp., San Diego, CA) enteric tube (9.6 French, 109 cm) placed in 
the proximal jejunum. She suffered from intermittent feeding intoler- 
ance with increased gastric retention and bilious vomiting thereafter, 
which was treated conservatively. On the 45th postoperative day, 
she developed acute symptoms of abdominal distension and bilious 
vomiting. An attempt was made to exchange the feeding tube, which 
had been inserted 10 days before, but it could not be withdrawn. A 
supine abdominal film showed dilatation of the proximal small bowel 
and scattering of the metallic weights within the inflated weight- 
bearing portion of the catheter. The inflaied portion measured 4.5 x 
3 cm on the film. 

Obstruction was confirmed by injection of water-soluble contrast 
material through the feeding tube (Fig. 1). A cross-table lateral film 
showed the inflated portion of the tube to be positioned just under- 
neath the anterior abdominal wall without interposing intestinal loops. 
There were no clinical or laboratory signs or symptoms of peritonitis, 
so percutaneous transabdominal needle puncture of the balloon was 
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performed under fluoroscopic guidance, by using a 22-gauge spinal 
needle. 

On passage of the needie, the balloon deflated instantaneously 
with an audible popping sound. The catheter was retrieved without 
difficulty, and the patient’s symptoms were relieved. Neither an 
immediate postprocedural abdominal film nor another taken on the 
following day showed pneumoperitoneum. Close inspection of the 
extracted catheter revealed a distended weight-bearing portion with 
greenish discoloration and an intact septum between the weight- 
bearing portion and the tube. 


Discussion 


Since the early description by Cantor in 1949 [1], intestinal 
obstruction caused by inadvertent inflation of the weight- 
bearing balloon of enteric alimentation catheters has been 
known to be a rare but potentially serious complication, which 
sometimes necessitates removal of the catheter by laparot- 
omy. The complication has been reported both in single-lumen 
tubes, such as Cantor, Harris, or Kaslow tubes, and in double- 
lumen tubes with a balloon-vent cannula, such as Millar- 
Abbott or Dennis tubes [2, 3]. This complication should be 
considered in the differential diagnosis of intestinal obstruction 
in the patient undergoing long-term enteric feeding. Inflation 
of the balloon results from gas exchange occurring through 
the balloon wail in relation to the permeability of the balloon, 
the difference in pressure across the balloon wall, and the 
difference in composition of intestinal and balloon gases [1]. 
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Fig. 1.—Water-soluble contrast material injected through feeding tube 
shows small-bowel obstruction proximal to inflated weight-bearing portion 
of the tube. 


Nitrogen, carbon dioxide, and hydrogen sulfide are the intes- 
tinal gases most likely to diffuse into the balloon. To prevent 
this complication, using a thicker walled balloon constructed 
of a less permeable material and puncturing the balloon of a 
Cantor tube with a fine needle before intubation has been 
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recommended [3]. 

The Keofeed tube has been on the market for about 5 
years. The softness of the tube and compactness of the 
weight-bearing portion are suited to the size of the childhood 
intestinal tract. The weight-bearing portion, which is made of 
silicon rubber, is separated completely from the tube portion 
by a plastic wall of approximately 3 mm thickness. There is 
no vent hole or cannula attached. 

The treatment for this complication must be individualized. 
Pulling and rupturing the bag often may be the easiest solu- 
tion. A conservative attempt to deflate the balloon by decom- 
pressing the bowel, using a second tube, and reversing the 
diffusion effects on the balloon has been recommended [1]. 
Percutaneous transenteric fine-needle biopsy has been a safe 
and widely used procedure for such retroperitoneal abnor- 
malities as pancreatic carcinoma and lymphadenopathies. 
Percutaneous needle puncture of a nondeflatable Foley bal- 
loon was performed safely [4]. If nonsurgical maneuvers fail, 
percutaneous transenteric needle puncture of an intestinal 
balloon should be considered before laparotomy in the patient 
who does not have symptoms of bowel necrosis. 
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A Comparison of Techniques 
for Improved Visualization of 
the Arteries of the Distal 
Lower Extremity 





Intraarterial prostaglandin E,, tolazoline, nitroglycerin, and tourniquet-induced reactive 
hyperemia were directly compared by paired analysis for their efficacy in improving 
visualization of distal lower extremity vessels during routine arteriography in 101 limbs 
(52 patients). Nitroglycerin and reactive hyperemia were equal in their effect and 
statistically superior to both tolazoline and prostaglandin E,. Tolazoline was superior to 
prostaglandin E,, which had little or no effect. Intraarterial nitroglycerin in a dose of 200 
ug appears to be the method of choice for augmenting visualization of the distal arterial 
vascular system in lower-extremity arteriography. 


Arterial circulation below the level of the midcalf frequently is neglected during 
lower-extremity arteriography. However, current trends in surgical revascularization 
of the lower extremity emphasize bypass grafts in the lower part of the leg and in 
the foot to increase outflow and thereby improve patency rates. Therefore, preop- 
erative infomation on the status of the pedal arches is required because these 
vessels determine the success of distal grafts for the treatment of severe lower- 
extremity ischemia [1]. 

Reactive hyperemia and intraarterial administration of chemical vasodilators have 
been used for more than 20 years for improved visualization of the distal arteries 
of the lower extremity [2-6]. However, reported comparisons of reactive hyperemia 
and tolazoline used separate groups of patients rather than examining the efficacy 
of these techniques in the same patients [3]. Additionally, the relative efficacy of 
more recent techniques, including bolus injections of prostaglandin E, or nitro- 
glycerin, has not been established. 

For these reasons, we compared four different methods to improve small-vessel 
visualization of the distal leg and foot: tourniquet-induced reactive hyperemia and 
intraarterial injections of tolazoline, prostaglandin E,, and nitroglycerin. Reactive 
hyperemia and tolazoline, reactive hyperemia and prostaglandin E, or tolazoline 
and prostaglandin E; were compared in three separate groups of patients with 
known atherosclerotic vascular disease. Reactive hyperemia and nitroglycerin were 
compared in a fourth group of patients after we became aware of the efficacy of 
intraarterial nitroglycerin in both angioplasty and routine arteriography. 


Subjects and Methods 


The subjects were patients with signs and symptoms of ischemia of the lower extremity, 
including claudication, rest pain, and ischemic ulceration. All had noninvasive arteriai-flow 
studies before angiography, which was requested before surgery. Patients with serum 
creatinine levels greater than 2 mg/dl, serum uric acid levels greater than 8 mg/dl, or Known 
multiple myeloma or diabetes were excluded from the study because of the increased 
potential for toxic effects associated with the additional contrast requirements of the protocol. 

All patients were evaluated by the angiography service the night before angiography, and 
IV hydration was started then. Informed consent concerning the study was obtained from all 
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patients. Arterial puncture was performed via the femoral approach 
in 50 patients and via the axillary approach in two. 

To evaluate the abdominal aorta, a 5-French pigtail catheter was 
placed in the suprarenal aorta, and a single angiographic run with 40 
ml of 76% diatrizoate (Renografin, Squibb, Princeton, NJ) was per- 
formed. The catheter was then withdrawn to the level of the aortic 
bifurcation, and a second angiographic run was done with 96 mi of 
60% diatrizoate mixed with 100 mg of lidocaine and injected at 9 mi/ 
sec. Radiographic exposures were obtained by using the four-shift 
capability of the Spectrum (Westville, NJ) programmable table to 
visualize the entire pelvis, lower extremity, and foot. 

At this point, the first 36 patients were randomly assigned into 
three groups of techniques for visualization of the distal circulation. 
Each group was examined via two of three techniques (reactive 
hyperemia, tolazoline, and prostaglandin E,). The groups comparing 
prostaglandin E, with reactive hyperemia and tolazoline with prosta- 
glandin E, had 10 patients each. The group comparing reactive 
hyperemia with tolazoline had 16 patients. In all groups the sequence 
of performance of the two different techniques was randomized. 

Reactive hyperemia was induced by placing inflatable tourniquets 
around both calves and rapidly inflating the tourniquets to 40 mm Hg 
above the systolic blood pressure. Rapid inflation prevents aching 
due to venous engorgement that results from slow or incomplete 
occlusion of the arterial inflow. After 5 min of inflation, the tourniquets 
were removed, and 60 sec later the angiographic run was performed 
with 45 ml of 60% diatrizoate mixed with 50 mg lidocaine. Radi- 
ographic exposures limited to the lower one-half of the calf and the 
foot were made every 3 sec after a delay of approximately 5 sec. A 
total of 12 films were obtained for each patient. 

intraarterial tolazoline was administered as a 50-mg dose diluted 
with saline to a volume of 10 ml. The angiographic run was begun 1 
min after administration. The radiographic exposure sequence and 
contrast material were the same as those for reactive hyperemia. 

Prostaglandin E,, a vasodilator, was administered as an intraarterial 
bolus of 1 „g/kg. The bolus was followed by an immediate flush of 
10 mi of saline before the angiographic run. 

There was a 15-min interval between injections to allow the vaso- 
dilatory effects of the preceding technique to subside. The random 
determination of which agent to use first and the delay between 
injections was designed to eliminate the additive effects of the differ- 
ent methods. 

In 16 additional patients, arterial opacification after reactive hyper- 
emia was compared to opacification that occurred after intraarterial 
nitroglycerin. The technique for reactive hyperemia was as described 
previously. Nitroglycerin was administered as a 200-yg bolus (10 ml 
of a 20-ng/m! solution) and followed immediately by the angiographic 
sequence. 


TABLE 1: Comparison of Two Arteriographic Visualization 
Techniques in Each Lower Extremity 





ota Grade A > Grade A = Grade B > 
Tecnmgue B/Total B/Total A/Total 
AvsB 
RH vs NG 9/32 12/32 11/32 
RH vs TOL? 14/32 13/32 5/32 
TOL vs PGE,” 13/20 0/20 7/20 
RH vs PGE,”* 15/17 0/17 2/17 





a Numbers are for pooled data. RH = reactive hyperemia, NG = nitroglycerin, TOL = 
tolazoline, PGE; = prostaglandin Ey. 

» Statistically significant via Wilcoxon signed-rank method (95% confidence level). 

€ Three unilateral lower-extremity amputees were included in this group. 
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Visualization of the vessels was graded according to the following 
schema: 0 = nonvisualization of the distal posterior tibial and anterior 
tibial arteries, 1 = clear visualization of these vessels, 2 = visualization 
of the proximal arteries of the foot, 3 = opacification of the pedal 
arch, and 4 = visualization of the arterial branches of the foot distal ` 
to the pedal arch. 

Using four groups of patients allowed a direct comparison of two 
techniques in each individual limb. Data were statistically analyzed 
via the Wilcoxon signed-rank method, which is appropriate for paired 
subjective measurements. 

The grade of arterial opacification was correlated with the extent 
of arterial-inflow disease for each individual technique. Arterial disease 
was evaluated at the aortoiliac, femoral-popliteal, and trifurcation 
levels, and note was made of severe atherosclerotic narrowing 
(greater than 75%). Finally, a subjective description of the level of 
discomfort caused by the techniques was obtained from each patient. 


Results 


The results of the two groups comparing reactive hypere- 
mia or tolazoline vs prostaglandin E- (Table 1) indicated that 
prostaglandin E, was by far the inferior technique. In 30 of 
the 37 limbs examined after prostaglandin E, injection, there 
was no visualization of the arteries at the level of the ankle 
(grade 0). 

Reactive hyperemia and tolazoline were compared in 32 
limbs. In 14 limbs, reactive hyperemia resulted in visualization 
superior to that observed with tolazoline. in 13 limbs the 
results were equal, and in five tolazoline was superior to 
reactive hyperemia. 

Reactive hyperemia was compared with nitroglycerin in 32 
limbs. Nitroglycerin resulted in superior visualization in 11 
limbs (Table 1). The results were equal in 12 limbs. In nine 
limbs reactive hyperemia was the superior technique. 

Both reactive hyperemia and tolazoline were statistically 
superior to prostaglandin E, at the 95% confidence level. 
Reactive hyperemia was also statistically superior to tolazo- 
line. There was no statistical difference between the efficacy 
of reactive hyperemia and nitroglycerin. There was no corre- 
lation between the extent of arterial-inflow disease and the 
grade of vascular opacification. 

There was no difference in the severity of vascular disease 
or levels of occlusion in any of the patient groups. No patients 
had complete distal aortic occlusion. 

An informal examination of the subjective responses to 
each technique indicated that tolazoline was the most uncom- 
fortable. Reactive hyperemia caused minimal discomfort from 
the tourniquet application. Prostaglandin E, caused no dis- 
comfort, but one patient complained of nausea. No patients 
complained of discomfort with nitroglycerin administration. 


Discussion 


In clinical situations such as simple proximal (aortoiliac or 
femoral-popliteal) occlusive disease, routine unenhanced ar- 
teriography with a large contrast volume is sufficient to rec- 
ognize tibial runoff and exclude occlusion. However, when 
popliteal and tibial disease is present and/or distal bypass 
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grafting is contemplated, detailed visualization of tibial vessels 
and the pedal arches is mandatory. In these circumstances 
or when tibial visualization is poor because of other factors, 
an additional angiographic run with enhancement techniques 
is required. 

The purpose of this study was to determine which of the 
currently available techniques for improved visualization of 
the distal arteries of the lower extemity was most effective. 
Unlike previously reported series, a direct comparison of two 
randomly ordered techniques was made in each patient. The 
design of this series eliminated the inherent error that can 
occur when techniques are compared in small unmatched 
groups of patients. 

Prostaglandin E, is a rapidly metabolized, potent vasodi- 
lator that has been shown to cause a 10-fold increase in 
arterial flow to the lower extremity when administered by a 
10-min continuous-infusion technique [7]. However, because 
of recent reports of the efficacy and safety of bolus doses of 
up to 1.0 „g/kg for improved visualization of the mesenteric 
vasculature [8, 9] and of doses of 0.1 „g/kg for upper- 
extremity arteriography [10], we tested prostaglandin E, in 
lower-extremity arteriography. Our results. indicate that high- 
dose bolus injection of prostaglandin E, is of no value in 
arteriography of the lower extremity. One possible explana- 
tion for the failure of prostaglandin E, may be related to the 
induction of increased flow through normal proximal vascular 
beds, producing a shunt phenomencn. 

in addition to the apparent lack of efficacy, there are 
disadvantages to the use of prostaglandin E,, including the 
need for refrigeration, the cost of $55 per ampule, and the 
requirement that any solution more than 24-hours old be 
discarded. 

Tolazoline is an alpha-adrenergic blocker that has a direct 
histaminelike effect on vascular smooth muscle, which is 
thought to be the cause of the vascdilatation observed with 
intraarterial doses of 25-50 mg. Paradoxically, several au- 
thors have noted vasoconstriction of arteries during the first 
30 sec after administration [11]. Therefore, the angiographic 
run should be delayed at least 30 sec after injection. Although 
tolazoline was not as effective as reactive hyperemia, it did 
improve arterial visualization. However, arrythmias, anginal 
pain, hypertension, and even myocardial infarction have been 
reported with doses of 25-50 mg administered directly into 
the vascular system. Therefore, tolazoline should not be 
administered to patients with known heart disease. Addition- 
ally, approximately one-third of the patients in our study 
reported a burning sensation after administration of the drug. 

Our results indicate that reactive hyperemia is superior to 
prostaglandin E, and tolazoline for improved visualization of 
the distal vessels of the lower extremity. Additionally, there 
are no contraindications, and no systemic effects are seen. 

One possible explanation for the superior results obtained 
with reactive hyperemia is that the occluding tourniquet pro- 
duces uniform ischemia of the distal portion of the extremity, 
thereby inducing a diffuse increase in arterial perfusion when 
the tourniquet is removed. Shunting into proximal vascular 
beds does not occur. However, in 13% of our patients, the 
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degree of visualization obtained with reactive hyperemia was 
graded as poor. This correlates well with the 10% frequency 
reported in the literature [5]. To our knowledge, no expiana- 
tion for this phenomenon has been proposed. Another dis- 
advantage is the need to maintain 5 min of tourniquet occlu- 
sion followed by a 1-min delay before the contrast infusion. 

Nitroglycerin is a potent vasodilator that has been used 
intraarterially to prevent vascular spasm in patients undergo- 
ing angioplasty [12, 13]. It causes vasodilatation by activation 
of guanylate cyclase, leading to a local increase in cyclic- 
guanosine monophosphate [12, 13]. 

The second portion of this study was a direct comparison 
between reactive hyperemia and nitroglycerin in 32 limbs. 
Direct comparison between nitroglycerin and prostaglandin 
E, or tolazoline was not performed because we became 
aware of the benefits of nitroglycerin after we had begun the 
comparison between reactive hyperemia, prostaglandin E4, 
and tolazoline. Because we observed Clinically that nitro- 
glycerin was an excellent agent for this purpose, we decided 
to compare directly the two best agents and eliminate the 
superfluous evaluation of prostaglandin E, and tolazoline. 
Although no statistical difference between reactive hyperemia 
and nitroglycerin was noted, we consider intraarterial nitro- 
glycerin to be the preferred technique for improved visualiza- 
tion of the lower-extremity distal arteries because of ease of 
use, ready availability, and lack of side effects. We also now 
routinely use it as the vasodilating agent of choice in upper- 
extremity angiography and in the prevention of spasm during 
peripheral and renal angioplasty. 
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Lower-Extremity Venography: Value of Femoral-Vein 


Compression 


Tony P. Smith,’ John F. Cardella, Michael D. Darcy, David W. Hunter, Wilfrido R. Castaneda-Zuniga, and 


Kurt Amplatz 


Lower-extremity venography is usually performed with the 
patient positioned semiupright on a tilting table and with 
progressive lowering of the patient’s head to visualize the 
more superior venous structures [1]. Because it is often 
necessary for the patient to remain recumbent, we have 
successfully used a technique of totally supine venography 
by using controlled femoral-vein compression with release 
just before pelvic filming. This technique yields excellent re- 
sults with use of a minimal amount of contrast material. 


Technique 


If the study is to evaluate possible deep venous thrombosis, after 
cannulation of a dorsal pedal vein, tourniquets are placed above the 
ankle and below the knee. No tourniquets are used for evaluation of 
patients before in situ venous grafting [2]. The femoral artery is 
palpated, and hand compression is applied just medial to the artery 
in order to occlude venous flow. Depending on patient size, 40 to 90 
mi of diatrizoate megiumine 60% are injected with an average total 
dose of 70 mi. Contrast material is injected either by power injection 
or by hand. With power injection, rates of 1-3 mi/sec are used. 
Images are then obtained, beginning distally, by using either serial 
filming or radiographic scanning with a slot device (Amplatz K, un- 
published data). The tourniquets, if in place, are released, and the 
compression on the femoral vein is stopped 5 to 10 sec before the 
pelvic exposures are made. At least 150 mi of normal saline are 
flushed through the cannula before the examination is completed. 
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Results 


Seventy-two lower-extremity venograms were performed 
on a total of 62 patients over a 6-month period. All examina- 
tions were done to evaluate possible deep venous thrombosis 
or for preoperative evaluation before in situ venous grafting. 
Vessels to the level of the bifurcation of the inferior vena cava 
were visualized (Fig. 1) in 70 of 72 cases. Six cases showed 
complete occlusion of the common femoral or iliac veins with 
well-delineated extensive collateral flow. The obstructions in 
these cases were subsequently documented by venography 
with more proximal injection of the contrast material. 

Fifty-five venograms were performed to diagnose deep 
venous thrombosis: 18 were positive for thrombus, 37 were 
negative. Seventeen cases were performed for possible ve- 
nous grafting; all adequately showed both the superficial and 
deep systems to the level of the lower inferior vena cava. A 
small amount of extravasation was noted at the puncture site 
in two cases, but follow-up examinations revealed no residual 
dermal injury. No adverse reactions were otherwise encoun- 
tered. 


Discussion 


Many patients with suspected deep venous thrombosis are 
unstable and cannot be placed in a semiupright position for 


1 All authors: Department of Radiology, University of Minnesota Hospitals and Clinics. Address reprint requests to K. Amplatz, University of Minnesota, Box 427, 


UMHC, 420 Delaware St., SE, Minneapolis, MN 55455. 
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Fig. 1.—Lower-limb venogram 
shows excellent filling of pelvic ves- 
sels after release of femoral vein 
compression. 





venography to be done in the currently recommended man- 
ner. Often inflamed and painful legs are not easily elevated to 
assist in filling of the pelvic vessels. By use of the procedure 
recommended here, the patient remains supine and the leg is 
not disturbed. 

Venography for possible venous in situ grafting was per- 
formed, when possible, immediately after arteriography. Per- 
forming the studies in this sequence enables accurate deter- 
mination of the patient’s candidacy for grafting and thus the 
need for venography. By using the technique described here, 
venography can be performed on the angiography table with- 
out moving the patient to a tilt apparatus. In addition, the 
patient need not be placed in a semierect position or undergo 
flexing of the hip after an arterial puncture. 

Earlier studies [3] have shown that supine venography fills 
the pelvic vessels in a large percentage of the patients stud- 
ied. However, at least 100 ml of contrast material are most 
often used. By using the compression technique, contrast 
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material is trapped in the lower extremity and released to flow 
into the pelvic vessels at the critical time of filming, and less 
contrast material may be used. Excellent results were 
achieved with as little as 40 ml of contrast material, and no 
patient received more than 90 ml. 

The rate of contrast injection is not critical because the 
femoral-vein compression prevents the flow of contrast ma- 
terial above the groin. The lack of discernible differences, 
despite a threefold difference in power-injection rates must 
be related to the trapping of contrast in the extremity. Equiv- 
alent filling was obtained with hand injection. Femoral 
compression allows the radiologist to control the outflow of 
contrast material, and thus film timing for calf and thigh 
vessels is not crucial. 

The results presented here are comparable to current tech- 
niques using tilt tables and leg elevation to opacify pelvic 
vessels [4]. Although these techniques are adequate, we 
believe such maneuvers are unnecessary for good visualiza- 
tion of the pelvic venous system. Excellent lower-extremity 
venography can be obtained with the patient in the supine 
position, and the addition of femoral-vein compression with 
subsequent timely release aids further in pelvic vessel delin- 
eation with less contrast material. 
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MR Evaluation of the Portal 
Vein in Pediatric Liver 
Transplant Candidates 





Nine pediatric liver transplant candidates underwent preoperative MR evaluation of 
the portal vein and the inferior vena cava. Sonographic correlation was available in all 
patients and angiographic correlation was available in five. Pathologic correlation was 
obtained in seven cases either at liver transplantation or autopsy. MR demonstrated 
portal vein patency in three cases when it was not seen by angiography and confirmed 
portal vein patency in one patient when it was questionably identified on sonography. 
The portal vein was not seen on MR imaging in two cases when it was seen on 
sonography and angiography: in one case, it was small and to-and-fro flow was 
demonstrated angiographically; in the second case, the portal vein was occluded by 
tumor thrombus. Two vessels in two patients were misidentified by sonography and 
identified correctly by MR. These were an azygous continuation of the inferior vena cava 
and a large collateral vein in the portal region. Knowledge of the anatomy and docu- 
mentation of vascular patency are essential in evaluation of patients before liver 
transplantation. In patients with complex anatomy or hemodynamics, it may be necessary 
to obtain this information from several imaging techniques (sonography, angiography, 
and MR). 


Liver transplantation offers a prospect for survival for individuals afflicted with 
otherwise fatal liver diseases. Judicious selection of transplant recipients is essential 
since the demand for donor livers far exceeds the supply. Sonography, CT, 
angiography, and MR imaging are techniques that can define the vascular anatomy 
preoperatively [1-6] and, thus, can help determine which individuals have the 
greatest likelihood of survival after transplantation. Ten MR examinations, other 
radiologic studies, and pathologic data in nine liver-transplant candidates were 
Studied. 


Subjects and Methods 


Ten MR scans were obtained in nine children before liver transplantation. The patients 
ranged in age from 4 to 46 months. Underlying conditions included extrahepatic biliary atresia 
(seven patients), hepatoblastoma (one patient), and cirrhosis secondary to «,-antitrypsin 
deficiency (one patient). 

A 1.0-T Siemens Magnetom (Iselin, NJ) superconducting MR system operating at 0.35 T 
was used. Slices (10 mm thick) were acquired with a 100% gap between sections. The gap 
was subsequently scanned and the images were interlaced for contiguous 1-cm images of 
the upper abdomen. Spin-echo (SE) sequences with TR 0.3 sec and TE 30 msec; TR 0.5 sec 
and TE 30 msec; and TR 1.5 sec and TE 35 and 70 msec were obtained in coronal, axial, 
and sagittal planes. 

Real-time sonograms were obtained in all nine patients and angiography was performed in 
five patients before transplantation. Angiography included superior mesenteric and splenic 
arteriography in five patients, splenoportography in two patients, and wedge hepatic venog- 
raphy in two patients. Pathologic correlation was available in seven of the nine patients at 
surgery or autopsy. The interval between MR imaging and anatomic correlation ranged from 
2 weeks to 4 months (mean, 1.3 months). 
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TABLE 1: Clinical and Imaging Data on Liver Transplant Candidates 
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Vessel Size (mm)/Patency by: 
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Case Age Gender Diagnosi V 
No. months BaS posel . , Pathologic 
( ) MR Imaging Sonography Angiography Correlation 
1 34 F EHBA PV 4 3-4 Not visualized ND 
IVC Patent SIVC patent 
2 8 M EHBA PV 3 23-4 ND 3 
IVC Patent Patent 
3 15 M EHBA PV 5 4-6 ND 4 
IVC Patent 6-7 
4 9 M EHBA PV 3-4 2-4 Not seen 1-2 
IVC Patent Patent—?filling de- Thrombosis 
fect 
5 10 F EHBA PV Not seen 4 3.3 3 
IVC IIVC patent Patent—compressed 10 
6 48 M Hepatoblastoma PV Not seen 4 Thrombus 15 
Tumor thrombus 
IVC Patent—displaced Patent—compressed 
Pj 9 M &-Antitrypsin PV 5-6 5 ND ND 
deficiency 
IVC Patent Patent 
8 34 M EHBA PV 5 3 ND 5 
IVC IVC absent (large Compressed IVC absent 
azygous) 
9 12 M EHBA PV 3-4 Not seen 8 
IVC IIVC patent IVC patent 20 





Note.—EHBA = extrahepatic biliary atresia; IVC = inferior vena cava; IIVC = infranepatic IVC; ND = not done; PV = portal vein; SIVC = suprahepatic IVC. 





Results 


The results of the various imaging studies are summarized 
in Table 1. Using MR, portal vein (PV) patency and size were 
best evaluated on T1-weighted SE sequences in the coronal 
plane (Figs. 1B and 2A), where it was imaged in seven of 10 
examinations. The PV was also identified in eight of the nine 
patients sonographically and was tentatively seen in the ninth 
patient. The smallest PV imaged, 3 mm in diameter, was 
definitely seen on MR (Fig. 3) and questionably seen on 
sonography. One of the vessels identified as PV on sonog- 
raphy was actually a large venous collateral (case 6). In this 
same patient, the PV was not seen on MR (Fig. 4), and 


Fig. 1.—Case 7, 9-month-old boy with antitryp- 
sin deficiency. Coronal MR images (SE 500/30). 

A, Normal inferior vena cava (arrows), aorta 
(arrowheads), and aortic branches. 

B, Normal portal vein (arrows) imaged in more 
ventral plane. 


thrombus was seen within the PV on splenoportography. In 
three patients, the PV was identified on MR, but not identified 
on angiography because of hepatofugal flow in two patients 
and technical difficulties in the third. The PV was not seen on 
MR in two patients. In one patient (case 6), described above, 
the PV was filled with tumor thrombus. In the other (Fig. 5), 
splenoportography revealed a 3.3-mm-diameter PV with to- 
and-fro blood flow. 

Surgical (four patients) or autopsy (three patients) correla- 
tion was available in seven of the nine transplant candidates. 
In the five patients in whom the PV was seen on MR and 
pathologic correlation was available, the PV was patent and 
similar to the size predicted by MR (Table 1). In one of the 
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Fig. 2.—Case 1, 34-month-old girl with extra- 
hepatic biliary atresia. 

A, Coronal MR image (SE 500/30). Portions of 
splenic vein (arrowheads), inferior vena cava 
(curved arrow), and superior mesenteric vein 
(open arrows). Portal vein (solid straight arrows) 
is displaced superiorly by cystic dilatation of bile 
ducts in porta hepatis. 

B, Transverse MR image (SE 300/35). Splenic 
vein (solid arrows) joining superior mesenteric 
vein (open arrow). Portion of portal vein (arrow- 
heads) ventrally displaced in porta hepatis. 
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Fig. 3.—Case 2, 8-month-old boy with extra- 
hepatic biliary atresia. Coronal MR image (SE 
500/30). Tiny portal vein (arrows) in porta he- 
patis. Small portal vein contraindicates liver 
transplantation. 


Fig. 4.—Case 6, 4-year-old boy who had 
undergone right hepatic lobectomy for hepato- 
blastoma. Coronal MR image (SE 500/30). Shift 
of intraheptaic inferior vena cava (arrows) to 
right. Aorta (arrowheads) is well demonstrated. 
Thrombus within portal vein and multiple venous 
collaterals were demonstrated on splenoportog- 


Fig. 5.—Case 5, 10-month-old girl with extra- 
hepatic biliary atresia. Coronal MR image (SE 
500/30) of upper abdomen. Portal vein not seen 
and thought to be thrombosed. Multiple gastric 
and periportal venous collaterals (arrows) are 
seen. Note also ascites, inhomogeneous liver 
parenchyma (probably cirrhotic change), and rel- 


raphy. 


two patients in whom the PV was not seen on MR, it was 
about 3 mm in diameter at autopsy; as previously mentioned, 
it had to-and-fro flow on angiography. At transplantation, 
tumor thrombus filled the PV in the other patient in whom the 
PV was not seen on MR. 

Portions of the inferior vena cava (IVC) were seen by MR 
in eight of the nine transplant candidates. In the ninth patient, 
no infrahepatic IVC was identified; rather, a large right para- 
spinal vessel was seen (Fig. 6) and identified as an azygous 
continuation of the IVC at surgery. This vessel was misiden- 
tified sonographically as the compressed infrahepatic IVC. In 
the other eight patients, sonography revealed patent, but 
sometimes compressed, IVCs. 


atively enlarged left hepatic lobe. 


The hepatic artery was seen in four of the nine patients 
who underwent MR imaging in the transverse plane. Multiple 
venous collaterals and/or enlarged azygous veins indicating 
portal hypertension were identified in eight of the nine patients 
(Fig. 6). 


Discussion 


Liver transplantation is becoming a routine transplantation 
procedure, offering the prospect of life for children and adults 
afflicted with otherwise fatal liver disease. Donor livers are in 
tremendous demand. Thus, it is essential to determine which 
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individuals cannot benefit from a liver transplant because of 
anomalous, thrombosed, absent, or small vessels. At our 
institution, surgeons require a PV diameter of at least 4 mm 
for the anastomosis to be technically feasible. Therefore, 
preoperative radiologic evaluation of the upper abdominal 
vascular anatomy is important. 

Imaging techniques that aid in the evaluation of the vascular 
anatomy include sonography, CT, and angiography [1-3]. MR 
imaging provides an additional, often complementary, nonin- 
vasive means of evaluating blood vessels [4-6]. Direct multi- 
planar imaging is an inherent advantage of MR, as is the 
ability to scan the entire abdomen rather than portions of it. 
The latter is exemplified in case 8, a child with multiple 
congenital anomalies including extrahepatic biliary atresia and 
neonatal volvulus. Azygous continuation of the IVC was mis- 
identified on real-time sonography as infrahepatic IVC but on 
MR imaging was shown to be extrahepatic. MR demonstrated 
the PV in three patients in whom it was not seen with 
angiography because of hepatofugal flow and/or technical 
problems (cases 1, 4, and 9). 

Disadvantages of MR include the inability to image a vas- 
cular channel either when the flow is very slow (case 5) or 
when thrombus fills the vessel (case 6). The blood flow effects 
of MR are complex, but by using particular pulse sequences, 
MR has the potential to distinguish signal due to slow blood 
flow from true intraluminal thrombus [7]. 

Respiratory motion causes lack of sharpness and, thus, 
the exact vessel size cannot be determined by MR imaging. 
Despite the inherently increased examination time of 1.5-2 
times associated with respiratory gating, it has the potential 
of removing gross motion artifacts and allowing better dem- 
onstration of small structures, such as the PV [8, 9]. MR can 
be tailored specifically for evaluation of vascular structures, 
thus eliminating unessential scans and image sequences and 
shortening the total time of the examination. 

The primary screening procedure for evaluation of the 
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Fig. 6.—Case 8, 34-month-old boy with extra- 
hepatic biliary atresia. Sagittal MR images (SE 
500/30). 

A, Right of midline. Large extrahepatic vessel 
(arrows) consistent with azygous continuation of 
inferior vena cava. 

B, Aorta (arrows) to left of midline. 


hepatic transplant candidate is abdominal sonography [1]. 
Potential recipients often have distorted abdominal anatomy 
because of congenital anomalies, portal hypertension, tumor 
mass, and/or surgical change. In these difficult cases, when 
sonography is inconclusive in defining the vascular anatomy, 
MR and/or angiography are often useful. Because it is non- 
invasive, requires no contrast material, and uses no ionizing 
radiation, MR has the potential of replacing angiographic 
evaluation of the upper abdomen in transplant candidates. 
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Pediatric Hypertrophic 
Gastropathy 





Four previously healthy children presented in a 6-week period with marked hypopro- 
teinemia without liver disease, mainutrition, or significant proteinuria. They all had 
strikingly similar radiographic findings consisting of enlarged folds confined to the 
fundus and body of the stomach. Three of the children had prodromal symptoms 
suggesting a viral illness. Cytomegalovirus was cultured from the urine in all cases and 
from the gastric biopsy specimens in three patients. Two of these patients aiso showed 
intranuclear inclusions in their biopsy specimens compatible with cytomegalovirus, It is 
not certain if cytomegalovirus was the cause of the illness. 


Sp) pte ? ’ swe ae ie be ies ` 
Menétrièr’s disease in adults is an uncommon clinical entity marked by protein- 
losing enteropathy and hypertrophic gastropathy that has a predilection for the 
proximal portions of the stomach. In adults, this syndrome usually follows a chronic, 
unremitting course [1]. A similar but even more uncommon entity of protein-losing 
enteropathy and hypertrophic gastric rugae has been described in children. We are 
aware of 24 reported cases in children [2-10]. Radiographs show involvement of 
the proximal stomach and sparing of the antral region, as often happens in adult 
cases. The pediatric disease follows a more benign course, however, usually 
resolving spontaneously after weeks or months. The difference in the duration and 
course of symptoms suggests there may be a different pathogenesis. For this 
reason we prefer the term “pediatric hypertrophic gastropathy” to “Menetriér’s 
disease of childhood.” Several causes have been invoked for the disease process 
in children. These include allergy [2] and infection, specifically with cytomegalovirus 
(CMV) [8-10]. 

We present a series of four children, three boys and one girl, who were admitted 
to the Pediatric Pavilion of Los Angeles County-USC Medical Center in a 6-week 
period during the fall of 1983. All had clinical evidence of a transient protein-losing 
enteropathy and radiographic evidence of enlarged gastric rugae. All four children 
had culture-proven evidence of concomitant CMV infection. 


Subjects and Methods 


The subjects were four children who presented between September 28 and November 10, 
1983. All four children were admitted with hypoalbuminemia and suspected protein-losing 
enteropathy. A routine upper gastrointestinal tract (UGI) series was performed on each patient 
by using a barium sulfate suspension. All children subsequently underwent endoscopic 
evaluation. Peroral biopsies of 0.5-1.0 mm thickness were obtained from the fundal region 
during endoscopy and sent for CMV culture. Urine samples were also sent for CMV culture. 
All patients were seen in follow-up at 3-5 weeks. Serum albumin and total protein were 
measured at initial follow-up in three of the patients and at the 9-week follow-up in case 1. 


Results 
Pertinent history and admitting laboratory test results have been tabulated for 
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the four cases (Table 1). The four children ranged in age from 
22-48 months. Three of the four had a prodromal history 
Suggesting an upper respiratory tract infection and/or gas- 
trointestinal illness. Lower extremity and/or periorbital edema 
was noted in all the children between 3 and 5 days before 
admission. In addition to the laboratory values listed in Table 
1, dipstick urinalysis on all patients was negative for protein. 
Their liver function tests were normal. 

The upper gastrointestinal tract findings were identical for 
all; the series showed enlarged gastric folds in the fundus and 
body of the stomach, sparing the antrum (Fig. 1). The small- 
bowel mucosa was unremarkable and the transit time was 
normal. Endoscopy confirmed the presence of hypertrophic 
folds. Mucosal biopsies done at the time of endoscopy 
showed normal histology. Two of the patients (cases 1 and 
3), however, had intranuclear inclusions compatible with CMV. 
CMV was cultured from the gastric biopsies of all patients 
except case 2. Gastric biopsy from case 4 was also positive 
for herpes simplex virus. CMV urine culture was positive in 
all cases. 

The children were treated with diuretics and a high-protein 
diet. At the time of follow-up, all patients were asymptomatic, 
the edema had resolved, and serum albumin and total protein 
showed marked improvement or return to normal (Table 1). 


Discussion 


Clinically and radiologically, the four patients in this study 
are similar to prior case reports of transient protein-losing 
enteropathy and enlarged gastric rugae, which some authors 
have labeled Menétrier’'s disease of childhood [2-7]. Our 
cases presented with hypoaibuminemia in the absence of 
discernible liver disease, proteinuria, or malnutrition. The hy- 
poalbuminemia reversed in 3-5 weeks with symptomatic 
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treatment. On upper gastrointestinal series, all the children 
had similar, distinctive radiographic changes consisting of 
enlarged rugae in the fundus and body of the stomach with 
relative antral sparing. These radiographic abnormalities were 
confirmed by endoscopy. Changes tended to be marked along 
the greater curvature of the stomach. Barium did not appear 
flocculated by excessive secretions and the stomach exhib- 
ited normal pliability. The small bowel mucosa and transit time 
were normal. 

Previous reports of this entity in children show a similar 
pathologic picture to that of the adult Menétriér’s disease 
with hypertrophy of gastric glands, basilar cystic changes, 
and sometimes inflammatory cell infiltration [3-6]. In our 
patients, peroral gastric biopsies showed normal mucosa, but 
full-thickness surgical specimens were not obtained. Thick- 
ened hyperplastic mucosa exceeds the limits of the superficial 
specimen obtained by endoscopic biopsy [7, 11, 12]. The 
diagnosis of gastric mucosal hyperplasia is therefore only 
reliably made with a full-thickness surgical biopsy specimen. 

Mild-to-moderate peripheral eosinophilia is frequently seen, 
found in about two-thirds of the reported cases [6]. Previous 
reports have postulated an allergic origin as the basis of 
peripheral eosinophilia and eosinophilic mucosal infiltrate [2]. 
Other reports have suggested a possible infectious cause 
and implicated CMV [8, 9]. Lachman et al. [8] presented a 
72-year-old boy whose biopsy of the gastric fundus showed 
cytomegalic inclusions. Leonidas et al. [9] also demonstrated 
intranuclear inclusions typical for CMV in a gastric biopsy and 
a diagnostic 16-fold rise in CMV complement-fixation titers in 
a 3¥2-year-old. Stillman et al. [10] reported two cases: a 5- 
year-old boy who had CMV cultured from urine, gastric aspi- 
rate, and gastric biopsy specimens, and a 3-year-old with a 
prodrome suggesting a viral illness from which CMV could 
not be isolated. Both of these patients had peripheral eosin- 


TABLE 1: Symptoms and Laboratory Test Results of Four Cases of Pediatric Hypertrophic Gastropathy 
aT ESSE EA OLCOTT ET EEAO LOT SES TE TET ETE TT TTT TT DTTC S ETE TR LES ESA SEET OE ATSIC ETTORE SSE aA A EET TEE ETETE HE, 


Admission Laboratory Results 





Case e Gender Prodromes “WBC 
Differential 
(1000/mm*) 

1 22 F 2 wk history 26.2: 48N, 5B, 
vomiting, 45L, 2M? 
diarrhea, 
productive 
cough 

2 26 none 15.0: 41N, 52L, 

6M, 1E 

3 45 2 wk history 16.7: 57N, 25L, 
cough, 18E 
rhinitis, fe- 
ver 

4 48 M 5 day history 16.8: 66N, 25L, 
vomiting, 2B, 1M, 6E 
cough, 
rhinitis 


8 Normal values: IgG = 490-1390 mg/dl: igA = 24-164 mg/dl IgM = 36-200 mg/d. 
ae eN = neutrophil: B = band: L = lymphocyte; E = eosinophil: M = monocyte. 


Follow-up 
Laboratory Results 


Serum Total à 
Moun Erte Baa M Nona oes 
O AMO ce PE t 
1.6 3.0 398, 51, 100 4.4 6.7 
1.8 3.1 213, 22, 45 3.9 6.5 
1.8 3.4 not obtained 2.8 4.5 
2.4 4.0 161, 45, 32 43 6.4 
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Fig. 1.—A, Case 1. Note rugal hypertrophy in 
fundus and body more marked along greater 
curvature. 

B, Case 2. Enlarged folds shown in body along 
greater curvature. 

C, Case 3. Rugal hypertrophy seen in proximal 
portions of stomach with distal portions spared. 

D, Case 4. Enlarged folds again noted in fun- 
dus and body. 


ophilia, an eosinophilic mucosal infiltrate, and elevated serum 
IgE levels despite other serum immunoglobulins reduced be- 
low normal levels. Thus, an antibody-mediated allergic reac- 
tion may have occurred in both patients. Stillman et al. stated 
that the clinical presentation of one patient and the virologic 
data of the other suggested that a virus may have provoked 
an allergic reaction. 

Three of the four children in our study had a prodromal 
history consistent with an acute viral illness beginning shortly 
before admission. In two of the cases CMV inclusions were 
seen in the gastric biopsy specimens. Three of the biopsy 
specimens were culture positive for CMV, and all four cases 
showed cytomegalic viruria. It is unclear whether the one 
negative biopsy culture was due to sampling error, fragility of 
the virus, or a true negative culture. Herpes virus was also 
cultured from the gastric biopsy specimen of one of the cases 
that was culture positive for CMV. Leukocytosis was seen in 
all of our cases, and two of our patients had a peripheral 
eosinophilia. Serum IgE levels were not obtained in our pa- 
tients. It still remains unclear whether CMV or another viral 
agent is the cause of this syndrome or merely an opportunistic 
infection in tissues with altered immunologic resistance, which 
is suggested by a lowered level of immunoglobulins. 

The incidence of urine excretion of CMV in our general 
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pediatric population has not been determined, but it can be 
quite high in the preschool population. A recent study of 
children in a daycare center found active viral shedding in 
59% of children from 1-5 years old by examination of urine 
or throat-swab specimens [13]. The frequency with which 
CMV can be detected in young children makes it hazardous 
to interpret our results as a cause-and-effect relationship. 
However, the presentation of four cases of a heretofore rarely 
reported entity presenting in a 6-week period at our institution 
suggests a possible infectious cause. Three of our patients 
had prodromes consistent with viral infections and all the 
patients showed evidence of concomitant CMV infection. 

The presentation in children of hypoalbuminemia preceded 
by symptoms of a viral respiratory and/or gastrointestinal 
tract infection in the absence of nephrosis, liver disease, or 
malnutrition should suggest the diagnosis of pediatric hyper- 
trophic gastropathy, which can be confirmed by an upper 
gastrointestinal series. 
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Mesenchymal Hamartomas 
of the Liver in Childhood: 


Sonographic and CT Findings 





Mesenchymal hamartomas of the liver usually present within the first 2 years of life. 
Abdominal enlargement and respiratory distress are the most common presenting 
features. Pathologically, the lesion is composed of large cysts separated by septations. 
Review of sonograms and CT scans in nine patients shows that a large, predominantly 
cystic mass with internal septae is characteristic of the tumor. Angiography shows 
peripheral hypervascularity with a septated avascular center. A confident preoperative 
diagnosis of mesenchymal hamartoma based on these features is possible. 


Hepatic mesenchymal hamartoma is an uncommon benign lesion arising from 
the mesenchyme of the portal tract [1]. The hamartoma usually presents within the 
first 2 years of life, and abdominal swelling is usually the predominant clinical 
feature [1-4]. If fluid has rapidly accumulated within the mass, there may be 
respiratory distress as well [5, 6]. The tumor is often large [2] and usually cystic. 
It is usually located in the right lobe [2-4] but may be attached to the liver by a 
pedicle [1, 7, 8]. Because mesenchymal hamartomas are benign lesions with 
excellent prognosis, distinguishing them from other liver masses is important. We 
analyzed the appearance of the tumor in nine children with this disease. 


Materials and Methods 


During the past 10 years, eight patients with histologically proven hepatic mesenchymal 
hamartomas have been seen at Childrens Hospital of Los Angeles. In addition, one patient 
was referred for consultation after having been operated on elsewhere. The five girls and four 
boys ranged in age from 1 month to 4 years. Seven of the nine patients were asymptomatic 
children with an abdominal mass and without associated weight loss, fever, anorexia, or pain. 
Two patients had respiratory distress; in one of these patients this was relieved by placement 
of a catheter percutaneously into the largest cyst. 

The first five patients had plain abdominal radiographs; IV urograms were performed in 
three. All nine patients had sonograms of the liver. Six patients had "Tc sulfur colloid 
scintigraphy. In addition, one patient had a °°°Tc-labeled RBC study. Arteriography was 
undertaken in six patients, and CT was performed in four. In all patients, the tumors were 
surgically removed and pathologic examination of the specimens was performed. 


Resuits 


Plain abdominal radiographs in five patients showed diffuse hepatic enlargement 
or a mass arising from the lower edge of the liver. No calcification was present. 
The three patients who had IV urograms demonstrated downward displacement 
of the right kidney and a septated cystic mass in the upper abdomen, which was 
seen in the total-body opacification stage of the examination. 

Sonography was performed in nine patients. In eight, there was a mass with an 
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echo-free center and internal septations (Figs. 1A and 2A). 
No echogenic particulate material was present in the cysts, 
which varied in size, measuring up to 18 x 14 cm. In all eight 
patients, the findings on sonography suggested the diagnosis 
of a benign cystic tumor arising from or attached to the liver. 
There was compression of the adjacent liver, which was 
otherwise normal. The biliary system was normal. In the ninth 
patient, there was a well-defined homogeneous echogenic 
mass. 

Three of the four patients with CT scans had similar ap- 
pearances, with well-defined margins of the tumors. The mass 
had central diminished attenuation measuring 6 to 14 H with 
internal septations (Fig. 2B). Minimal or no enhancement of 
the mass or septae appeared after IV contrast injection (Figs. 
1B and 2C). In a fourth patient, the study done before contrast 
injection showed a moderately well defined tumor of dimin- 
ished attenuation with scattered areas of lower attenuation 
within the tumor (Fig. 3A). After IV contrast injection, patchy 
areas of enhancement appeared mixed with areas of low 
attenuation within the mass (Fig. 3B). No large cysts or septae 
were seen. 

Scintigraphy with °°"Tc sulfur colloid in six patients dem- 
onstrated solitary photopenic masses in five and two photo- 
penic masses in the sixth patient. All masses appeared avas- 
cular on the initial scintiangiographic phase of the examina- 
tions, but a relatively vascular tumor rim was detected in the 
ane patient who had a labeled-RBC study. Scintigraphy cor- 
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rectly showed that four of the tumors were intrahepatic and 
two were predominantly exophytic. 

Angiography demonstrated major arterial variants in three 
of the patients. All six patients who had angiography showed 
vessel displacement around the mass with peripheral hyper- 
vascularity (Figs. 1C and 2D). The masses were all well- 
defined or moderately well defined; avascular centers were 
seen on the capillary phase in five patients (Figs. 1D and 2E). 
In the sixth patient, there was central hypervascularity inter- 
mingled with avascular areas. 

All nine patients had surgical removal of the tumor. Two of 
the masses were predominantly exophytic, one having a 
broad pedicle. Seven of the patients had total or subtotal 
lobectomies, and two had trisegmentectomies. In one patient, 
macroscopic tumor was left behind on the undersurface of 
the right lobe of the liver; otherwise, the tumor was completely 
excised. Apart from postoperative adhesions, which required 
surgical lysis in one patient and a wound hematoma that 
spontaneously resolved in a second patient, there were no 
complications. 

Pathologic examination of the gross specimens showed 
eight of the tumors to be cystic and one solid. The excised 
tumors weighed between 194 and 1037 g. One of the patients 
had a large single cyst; in the others there were multiple cysts 
separated by septae (Fig. 4). The fluid in the cysts was yellow 
or white and varied in consistency from clear to viscous. The 
cyst walls were thick and fibrous. 


Fig. 1.—Case 7, 1-year-old boy with an abdominal mass. 


A, Sonogram in longitudinal plane showing a sonolucent mass with internal septation. 


B, Postenhancement CT shows a large mass within right lobe of liver with central areas of diminished 
attenuation and septae. 
C, Selective celiac axis arteriogram in left anterior oblique position showing marked peripheral 
_ hypervascularity. Tumor involves whole right lobe of liver. 
i D, Later phase of arteriogram showing multiple avascular areas with intervening septae within 
mass. 
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Fig. 2.—Case 8, 18-month-old boy with abdominal mass. 

A, Sonogram in transverse plane showing multiple cystic areas within 
mass with intervening septae. 

B, Preenhancement CT shows a low-attenuation septated mass within 
left lobe of liver. 

C, Postenhancement CT at slightly more cranial level than Fig. B, 
showing faint enhancement of septation. 

D, Selective celiac axis arteriogram in anteroposterior projection shows 


The histology of all nine patients showed a consistent 
pattern of loose myxoid and fibrous stroma with entrapped 
bile ducts, small vessels, and islands of normal parenchyma. 
Some of the cysts were lined by various types of epithelium, 
including bile duct and vascular endothelium (Fig. 2F). 

All nine children are alive and well between 6 months and 
10 years later, with no evidence of tumor recurrence. 


Discussion 


In 1903, Maresch [9] described a lymphangioma of the liver 
in a 5-year-old girl with a 3-year history of abdominal swelling. 
Reports followed of cavernous lymphangiomatoid tumor, ha- 
martomas, and solitary bile-cell fibroadenomas [1]. In his 1956 
review, Edmondson [1] classified these tumors as mesenchy- 
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vessels swept around periphery of mass with some increase in vascularity. 

E, Capillary phase of arteriogram showing central avascularity with clear 
plane of separation from adjacent liver. 

F, Photomicrograph showing mesenchymal hamartoma composed of 
dilated spaces lined by vascular endothelium and bile-duct epithelium 
surrounded by pale-staining connective tissue. (H and E x100 original 
magnification) (Courtesy of Hart Isaacs, Jr.) 


mal hamartomas, using the term hamartoma first coined by 
Albrecht [10], implying a developmental anomaly rather than 
a true neoplasm. The mass arises from the indigenous mes- 
oderm within the portal tracts. 

Although mesenchymal hamartomas are most common 
before the age of 2 years [3], older children and young adults 
with the disease have been reported [11]. A slight male 
predilection has been noted [2, 3] but was not present in this 
series. The tumors usually grow slowly, and rapid increase in 
size [1, 3, 4] may signify accumulation of fluid within the cyst. 

Most mesenchymal hamartomas are located within the right 
lobe of the liver [2-4]. The mass may blend with the adjacent 
liver [2], be encapsulated [2], or be attached to the liver by a 
pedicle [1, 7, 8]. Mesenchymal hamartomas are large tumors 
often weighing over 1000 g [2]. The cut surface shows a 
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Fig. 4.—Case 3, 14-month-old girl with abdominal mass. Bivalved spec- 
imen showing large central cyst with trabeculation of wall and several 
smaller cysts. 


mixture of solid and cystic components; many tumors are 
predominantly cystic as seen in eight of our nine patients. 

The microscopic features include cords of normal appearing 
hepatocytes lacking architectural landmarks and separated 
by zones of loose, poorly cellular mesenchyme. The porous 
nature of the mesenchyme permits accumulation of fluid [2]. 
The cysts consist primarily of dilated bile ducts or fluid accu- 
mulation in areas of degenerated mesenchyme. 

Of the radiologic procedures performed, sonography was 
the most informative and should be the primary screening 
technique for this condition. CT supported the sonographic 
findings, confirming the extent of the mass and its relationship 
to adjacent structures. Arteriography was undertaken to dem- 
onstrate the arterial anatomy before extensive hepatic resec- 
tion; it is unnecessary with a small or pedunculated tumor. 
Scintigraphy correctly demonstrated the site of the tumor but 
was nonspecific. 

Previous reports of sonography in cystic mesenchymal 
hamartomas have described large cysts with internal septae 
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Fig. 3.—Case 6, 4-year-old boy with abdomi- 
nal mass. 

A, CT showing moderately well defined, 11- 
cm, slightly heterogeneous mass of diminished 
attenuation within right lobe of liver. 

B, Many areas of patchy enhancement and 
low attenuation within mass after IV contrast 
injection. There is displacement of left branch of 
portal vein by mass. 


or trabeculae [12-15]. The less common manifestation of 
smaller cysts with thickened septations [12, 15] was not 
represented sonographically in our eight patients, who 
showed large cysts with internal septation separate from a 
normal biliary tree. These findings appear to be specific for 
cystic mesenchymal hamartomas and not for other hepatic 
masses [16, 17]. Simple cysts are rare in children and do not 
have internal septae. Choledochal cysts are rarely septated 
and are associated with dilatation of the intra- or extrahepatic 
biliary system [18, 19]. Cysts of polycystic kidney disease are 
scattered throughout the liver and are associated with renal 
cysts. Abscesses usually show particulate matter within them, 
and the patients are often febrile. 

On CT, mesenchymal hamartomas usually appear as well- 
defined masses with a central area of homogeneous low 
attenuation with internal septations [12, 15, 20]. Large cysts 
found in hamartomas and areas of extensive tumor necrosis 
seen in malignant hepatic neoplasms may have similar CT 
appearances. Therefore, if CT is performed first, it is important 
that sonography confirms that the areas of low attenuation 
within the hepatic mass represent cysts instead of tumor 
necrosis. There was a single hamartoma in our series that 
did not appear cystic on CT or sonography. 

Scintigraphy correctly identifies the tumor. Because the 
hamartoma lacks Kupfer cells, there is no uptake of isotope- 
labeled sulfur colloid. A labeled RBC study was done in one 
of our patients and showed slight hypervascularity around 
the periphery of the tumor. 

Although avascular and hypovascular tumors have been 
described [15, 21], angiography in our series showed that all 
tumors had various degrees of peripheral hypervascularity 
without contrast pooling or arteriovenous shunting. Well or 
moderately well defined tumor margins were present, and the 
cystic nature of the mass [22] was revealed in the capillary 
phase of the examination. 

Mesenchymal hamartomas, large tumors that interfere with 
growth and respiration, should be surgically removed. Cath- 
eter drainage or marsupialization of the cyst may be needed 
before surgery [5]. In the past, postoperative deaths and 
other significant complications have been reported, but none 
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were present in our series. There has been no evidence of 


- local recurrence or metastatic disease nor have these been 


reported [2, 3]. 


10. 


11. 
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The Radiologic Clinics of North America. Magnetic Resonance Imaging of Musculoskeletal system. Guest editor: 
Michael L. Richardson. Philadelphia: Saunders, June 1986;24(2), 335 pp. By subscription, 4 issues annually, $52 


This timely edition of the Radiologic Clinics of North America 
includes contributions by a number of experts in the field of muscu- 
loskeletal imaging by MR, including Thomas H. Berquist, Harry K. 
Genant, Clyde A. Heims, Ray F. Kilcoyne, and Michael T. Modic. 
Appropriate space is delegated to each of the major areas in which 
MR imaging has either proven or potential applications to musculo- 
skeletal disease. Two introductory chapters deal with practical con- 
siderations, including optimal pulse sequences, imaging pitfalls and 
artifacts, and normai variation. An overview of MR imaging as applied 
to articular disease is provided, along with site-specific chapters on 
the spine, menisci and ligaments of the knee, and temporomandibular 
joint. Separate discussions of disease processes including ischemic 
necrosis, bone-marrow disorders, trauma, neoplastic disease, and 
infection are also provided. The concluding chapter describes the 
proven and potential applications of MR spectroscopy to the study 
of the musculoskeletal system. The table of contents includes a brief 
synopsis of each article, and a comprehensive index to the entire 
volume is provided. 

Although the volume as a whole is not quite current because of 
rapid advances in the field and expected publication delays, it con- 
stitutes an important and comprehensive overview of the subject that 
can be completely read in a reasonable period of time. In general, 
technical emphasis is placed on the application of multiple pulse 
sequences and surface coils; most of the images presented were 
obtained with relatively low—field-strength systems. The introductory 
chapter on optimizing pulse sequences suffers somewhat from brev- 
ity and assumes prior knowledge in basic physics of MR imaging. 
The discussion of artifacts, normal variants, and imaging pitfalls is 
well illustrated, although the text is extremely brief and the content 
is skewed toward axial sites. The overview chapter on joint disease 
includes equivalent consideration of disorders affecting subchondral 
bone, articular cartilage, tendons and ligaments, and synovium, and 
provides excellent correlative reference to conventional imaging meth- 
ods. The discussion of temporomandibular-joint imaging is brief, but 
includes technical considerations as well as high-quality images. The 
chapter on osteonecrosis is excellent, and provides information con- 
cerning anatomy, cause, pathogenesis, and histology as well as MR 
imaging; the only limitation lies in its nearly exclusive consideration of 
the femoral head. The presentation on knee imaging appropriately 
considers the cruciate ligaments, capsular ligaments, and menisci, 
but the quality of the images (obtained at 0.15 Tesla) is not state-of- 
the-art. A comprehensive discussion of MR imaging applications in 
the spine is provided, although several of the illustrations in the article 
are inverted. The chapter on musculoskeletal infections suffers from 
images of inferior quality, but the text is comprehensive and well 
written. The discussion of neoplastic disease is brief but nicely 
illustrated and considers pulse-sequence optimization, histologic 


characterization, indications for MR imaging in staging, and paramag- 
netic contrast agents. The chapter on bone-marrow disorders is 
appropriate in length and content as well as beautifully illustrated, 
including correlative figures from histologic and conventional imaging 
Studies. The presentation on musculoskeletal trauma is perhaps the 
most outstanding in the entire volume, from the standpoint of both 
comprehensiveness of content and quality of images. The concluding 
chapter on MR spectroscopy is appropriately superficial for the needs 
of the general radiologist, and includes a useful discussion of basic 
physics, a handy table summarizing the results of published human 
Studies using the technique, and an extensive reference list. 

in general, despite the limitations outlined above, this edition of the 
Radiologic Clinics of North America constitutes an important publi- 
cation in the field of clinical MR imaging. Most previous attempts to 
summarize the proven and potential applications of this technology 
to musculoskeletal disorders have been in the form of single journal 
review articles, in which the text has been superficial and the number 
of images scanty because of space limitations. From the standpoint 
of information content, the volume compares favorably with the 
recently published textbook entitled Magnetic Resonance of the Mus- 
culoskeletal System, edited by Thomas H. Berquist (Raven Press, 
1986), and many of the contributors are identical. While the latter 
currently sells for $38.50, an individual edition of the Clinics series 
can be obtained for approximately $15.00 from W. B. Saunders 
Company. 

Despite the high probability that this book will be outdated in 
several years, and the fact that much of the technical information 
provided is scanner-specific as opposed to generally applicable, it is 
recommended highly to a broad range of radiologists. In both the 
academic and private settings, individuals with experience in neuro- 
logic and body MR imaging faced with an increasing volume of 
orthopedic and rheumatologic referrals will find the book extremely 
helpful. Other radiologists who are likely to benefit from its content 
include musculoskeletal specialists with no previous MR experience 
and residents or fellows in training. As many of the articles assume 
prior knowledge in basic physical principles of the technique, readers 
without such background may experience some difficulties. Never- 
theless, the book would also be valuable to referring clinicians who 
deal with musculoskeletal disorders on a regular basis, as an overview 
of the diagnostic capabilities and limitations of MR imaging. Unques- 
tionably, it is well worth its minimal cost, and constitutes yet another 
outstanding contribution from this series to the diagnostic imaging 
literature. 


David J. Sartoris 
UCSD Medical Center 
San Diego, CA 92103 
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Case Report 
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Congenital Urethral Polyp 


Pilar A. Caro,’ Henrietta Kotlus Rosenberg,’ and Howard McCrum Snyder III? 


Congenital urethral polyps constitute a rare cause of blad- 
der outlet obstruction in boys. These benign fibroepithelial 
structures originate from the verumontanum and appear on 
voiding cystourethrography as oval-shaped filling defects in 
the posterior urethra. In most reported cases, the diagnosis 
was established with voiding cystourethrography. Sonogra- 
phy, however, can provide specific information about the 
nature of the filling defect demonstrated on the voiding cys- 
tourethrogram [1]. 


Case Report 


A healthy, 18-day-old white boy was seen in the Division of Urology 
at The Children’s Hospital of Philadelphia for evaluation of an ante- 
natal sonographic finding that suggested fetal hydroureter and hydro- 
nephrosis. Sonography demonstrated normal-size kidneys with min- 
imal fullness of the left pelvocalyceal system and the distal right 
ureter. The renal texture was normal. Moderate thickening of the 


_ bladder wall was noted suggesting possible bladder outlet obstruc- 


tion. An excretory urogram showed normal kidneys and minimal 
fullness of both lower ureters. A voiding cystourethrogram revealed 
minimal trabeculation of the bladder wall. The baby voided sponta- 
neously and satisfactorily emptied the bladder without vesicoureteral 
reflux. A small, oval-shaped, radiolucent mass was noted at the level 
of the verumontanum in the posterior urethra (Fig. 1). 

The initial diagnostic impression was that the mass was a harmar- 
tomatous polyp of the verumontanum. Because of the small size of 
the baby and the fact that the bladder was emptying well, resection 
was delayed. 

Four months later, the kidneys appeared normal sonographically. 


Received December 11, 1985; accepted after revision April 22, 1986. 


Sonography, of the bladder showed a 7 x 7 x 9 mm polypoid mass 
at the bladder neck posteriorly (Fig. 2). The bladder wall was again 
slightly thickened. Cystoscopy revealed a pedunculated polyp of the 
posterior urethra. The stalk appeared to emanate from the top of the 
verumontanum, and the ejaculatory ducts seemed to be separate. A 
10-French resectoscope with a Collings knife were used to incise the 
base of the stalk. The child tolerated this procedure well and was 
discharged the same day. 

Pathologic studies showed a benign polyp covered by transitional 
epithelium with several von Brunn's nests. The child remained well. 
A follow-up voiding cystourethrogram done 3 months later showed a 
normal posterior urethra with no evidence of recurrent polyp. 


Discussion 


In 1982, only 50 cases of posterior urethral polyps had 
been reported in the literature [2]. The average age at the 
time of diagnosis was 8 years. Occasionally, the patient had 
a concomitant vesical calculus [3]. More recently, Downs [4] 
reported the use of sonography to demonstrate the lesion. 

Polyps arising from the verumontanum in children are con- 
genital in origin. They are solid, epithelialized, fibrous tumors 
that arise on or in the vicinity of the verumontanum and lie 
along the floor cf the posterior urethra. These polyps have a 
tendency to protrude toward the bladder, causing intermittent 
obstruction. They may also obstruct the urethra if they are 


large enough. Obstructive symptoms occurred in 26 of 30 


cases in a review of the literature [4]. In four cases, the sole 
complaint was hematuria. In general, symptoms are mild and 
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Fig. 1.—Voiding cystourethrogram demon- 
strates oval-shaped polypoid filling defect in 
posterior urethra (arrow). 


nonspecific. In the same review, 19 of the 30 cases were 
studied with urographic techniques. In 11 of the 19, dilatation 
of the upper urinary tract was documented. Reflux was 
demonstrated in three cases and diverticula in four. The 
voiding cystourethrogram demonstrated the polyp in 21 
cases; seven were diagnosed endoscopically, and two were 
found at autopsy. 

The presence and often the cause of upper and lower 
urinary tract obstruction in the neonate can be easily dem- 
onstrated by sonography. In the rare patient with a urethral 
polyp, sonography used in conjunction with voiding cystoure- 
thrography offers the added advantage of being able to 
differentiate the echogenic polypoid mass from a blood clot 
or stone. 


Fig. 2.—Transverse (A) and sagittal (B) bladder sonograms 4 months later show a solid polypoid 
mass (arrow) projecting from bladder neck into bladder lumen. B = bladder. 
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Sonographic Findings in 
Abdominal Pregnancy 





The sonograms of 20 proven cases of abdominal pregnancy were evaluated to 
determine the frequency of specific abnormalities associated with this condition. The 
most frequent and reliable finding was separation of the uterus from the fetus (90%). 
Extrauterine placenta (75%) and oligohydramnios (45%) were next in frequency. Other 
features such as fetal parts close to the maternal abdominal wall (25%), failure to 
visualize myometrium between the fetus or placenta and maternal bladder (15%), 
abnormal fetal lie (25%), poor visualization of the placenta (25%), and maternal bowel 
gas impeding fetal visualization (25%) were noted. 


The early diagnosis of abdominal pregnancy is frequently difficult. Clinical findings 
are extremely variable, and the preoperative diagnosis is unsuspected in up to 60% 
of cases [1]. Frequent signs and symptoms include crampy abdominal pain, vaginal 
spotting or hemorrhage, nausea, vomiting, malaise, and painful fetal movement {1~ 
4]. The most common physical findings are abdominal tenderness, an abnormal 
fetal position, and displacement of the cervix. The absence of uterine contractions 
during oxytocin challenge testing is highly suggestive of abdominal pregnancy [4]. 
Sonography is recommended as a rapid noninvasive method to aid in the diagnosis. 
Numerous single cases and studies of small series of patients that emphasize 
various diagnostic sonographic findings have been reported [5-17]. Despite this, 
the diagnosis remains difficult and is missed in one-fourth of reported cases. To 
aid in the sonographic diagnosis of this condition, sonograms of patients with 
abdominal pregnancies were acquired from several institutions and retrospectively 
reviewed to determine the prevalence and significance of reported sonographic 
findings. 


Methods 


A literature review [5-17] of the sonographic diagnosis of abdominal pregnancy suggested 
at least 12 sonographic criteria reported tc occur in patients with this condition. To determine 
the relative frequency of these findings, 33 sonograms performed on 26 patients with 
abdominal pregnancy were accumulated from several institutions. Six patients were excluded 
because either a complete sonogram (transverse and longitudinal images) or surgical docu- 
mentation was not available. The remaining 27 sonograms performed on 20 patients were 
retrospectively evaluated by three of the authors, and the sonographic findings and their 
frequency were compiled. Sonographic findings were considered positive only if all three 
examiners agreed to its presence. 


Results 


Twenty-seven sonograms of 20 patients with abdominal pregnancy were evalu- 
ated. The average maternal age was 29 years (range 19-42). Fifteen patients had 
only one sonogram obtained, three had two examinations, and two underwent 
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three examinations. Three patients had only real-time sono- 
grams, 11 had only static gray-scale sonograms, and six had 
both static and real-time studies available for review. Fifty- 
five percent of the sonograms were performed during the last 
trimester of pregnancy, 25% in the first trimester, and 20% 
in the second trimester. The frequency of the sonographic 
findings seen in abdominal pregnancy are listed in Table 1. A 
prospective sonographic diagnosis of abdominal pregnancy 
was made in 14 (70%) of the 20 cases, suggested in one 
(5%), and missed in five (25%). The fetal mortality rate was 
80% (16 of 20). Nine of 16 fetuses were dead at presentation. 
No maternal deaths occurred. 


TABLE 1: Sonographic Features in Abdominal Pregnancy 





No. of 
Patients 
(%) 

Uterus and fetus separate 18 (90) 
Ectopic placenta 15 (75) 
Oligohydramnios 9 (45) 
Fetal parts in close proximity to maternal wall 5 (25) 
Abnormal lie 5 (25) 
Poor visualization of the placenta 5 (25) 
Maternal bowel gas blocking visualization 5 (25) 


Failure to visualize myometrium between fetus 
and maternal bladder 3 
Failure to visualize myometrium between pla- 
centa and maternal bladder 3 (15) 
Placenta previa appearance 2 
Maternal peritoneal fluid 2 





Note.—The total number of patients = 20. 
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Discussion 


Abdominal pregnancy occurs uncommonly; the reported 
prevalence is between 1 in 3000 and 1 in 8000 deliveries [2, 
3]. The condition most likely occurs secondary to rupture of 
a tubal pregnancy. Ovum fertilization outside the fallopian 
tube or uterine rupture with resultant abdominal implantation 
of a fertilized ovum are also possible explanations. Abdominal 
pregnancy is associated with maternal mortality rates from 6 
to 18% [2, 3], perinatal mortality rates greater than 90%, and 
an increased incidence of congenital malformations [18]. 
Prompt diagnosis and management is needed to avert the 
associated complications. To aid in this difficult clinical and 
sonographic diagnosis, we have broadened and unified the 
data base by accumulating sonograms of proven cases of 
abdominal pregnancy from several institutions. 

The most frequent and reliable sonographic finding was 
identification of an empty uterus separate from the fetus [6]. 
This was seen in 90% of the patients (Figs. 1A—C). In most 
cases the abdominal pregnancy was cephalad to the uterus, 
with downward displacement or compression of the uterus 
and bladder. To establish the diagnosis, clear identification of 
the empty uterus as a separate structure is important. This 
can be accomplished by giving close attention to the lower 
pelvis to ensure that there is continuity between normally 
appearing vaginal and endometrial echoes. Also, false-posi- 
tive diagnoses must be avoided. Findings that mimic abdom- 
inal pregnancy include pregnancy in a bicornuate uterus (Fig. 
2), pedunculated uterine fibroids associated with a gravid 
uterus, and even an early normal pregnancy in a sharply 
retroflexed or anteflexed uterus (Fig. 3). 


Fig. 1.—Sonograms at various stages of ges- 
tation showing several sonographic findings in 
abdominal pregnancy. (U = uterus, F = fetus, P 
= placenta, B = bladder). 

A, Longitudinal sonogram at 12-weeks ges- 
tation shows an abdominal pregnancy located 
on fundus of uterus, with a cleavage plane (ar- 
row) between uterus and pregnancy. 

B, Longitudinal sonogram performed at 24- 
weeks gestation by using a water bath shows 
an extrauterine placenta implanted on uterine 
fundus. Fetal parts are located cephalad. 

C, Longitudinal sonogram shows a com- 
pressed elongated uterus anterior to placenta 
and fetus. This location of uterus occurred in 
only one patient; usually it was compressed in- 
feriorly within lower pelvis. 

D, Longitudinal sonogram at term shows a 
pelvic mass produced by an enlarged uterus and 
placenta. Fetus is surrounded by loops of air- 
filled maternal bowel, resulting in poor fetal vis- 
ualization. A viable abdominal pregnancy was 
found at laparotomy. 
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Fig. 2.—Transverse sonogram shows a preg- 
nancy in left side of a bicornuate uterus. Right 
side could be mistaken for “separate” uterus. (U 
= uterus, F = fetus, B = bladder.) 


Fig. 3.—This sonogram was misinterpreted 
as representing an early abdominal pregnancy 
separate from uterus. On this longitudinal scan 
there is suggestion of a cleavage plane between 
uterus and fetus (arrow). At laparoscopy a nor- 
mal anteflexed uterus was observed. Inciden- 
tally noted was a corpus leuteum cyst (C) invert- 
ing the dome of urinary bladder. (U = uterus, F 
= fetus, B = bladder.) 


Fig. 4.—Longitudinal sonogram at approxi- 
mately 32-weeks gestation shows fetal head (H) 
close to maternal abdominal wall. No identifiable 
myometrium is seen around fetal head, suggest- 
ing an abdominal pregnancy. At surgery, a viable 
abdominal pregnancy was found. (U = uterus, P 
= placenta, B = bladder.) 


Fig. 5.—Longitudinal sonogram, thought to 
show a complete placenta previa, shows inferi- 
orly displaced and compressed empty uterus 
that was wrongly called placenta. Extrauterine 
placenta about fetus is evident. At surgery an 
abdominal pregnancy was found. (U = uterus, F 
= fetus, P = placenta, B = bladder.) 


The second most frequent finding was an extrauterine 
placenta which was seen in 75% of the patients (Fig. 1A). 
This occurred less frequently than identification of separation 
of the uterus and fetus because the placenta was poorly 
visualized or not seen in 25% of the examinations. 

For the purpose of this study oligohydramnios was defined 
simply as the subjective determination of a reduced amount 
of amniotic fluid. This was present in 45% of the cases and 
is not specific for abdominal pregnancy. Fifty-five percent of 
the patients appeared to have a normal amount of amniotic 
fluid. 

The remainder of the sonographic findings occurred in 25% 
or less of the patients and are less specific. Identification of 
fetal parts in close proximity to the maternal abdominal wall 
(25%) can be suggestive of abdominal pregnancy but is a 
subjective sonographic finding (Fig. 4). Failure to identify 
myometrium between the fetal head and maternal bladder 
(15%) or failure to visualize the myometrium between the 
placenta and maternal bladder (15%) should suggest the 
diagnosis of abdominal pregnancy (Fig. 1B). This finding may 
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be difficult to appreciate because the myometrium can nor- 
mally appear thin (5-10 mm). The presence of maternal bowel 
gas blocking visualization of the fetus (25%) (Fig. 1D) is not 
specific; this can occur in early pregnancy if the maternal 
urinary bladder fails to distend, with resultant displacement 
of maternal pelvic bowel loops. However, if such gas is 
identified in a properly performed examination, abdominal 
pregnancy should be considered. The presence of maternal 
peritoneal fluid (10%) is uncommon in normal pregnancy. It 
represented intraperitoneal bleeding on both occasions in our 
series and should be considered an ominous sonographic 
finding. 

A final sonographic finding deserves comment, the appear- 
ance of a pseudo-“placenta previa” (10%). This occurred 
when the compressed empty uterus was displaced inferiorly 
into the pelvis by an ectopic placenta of similar echogenicity 
located on the fundus (Fig. 5). Pseudo-placenta previa was 
present in two patients and was followed over a 6-week 
period in both without suspicion of an abdominal pregnancy. 
This error could possibly have been avoided by closer atten- 
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tion to the differences in sonographic texture of the uterus 
and extrauterine placenta and by better identification of the 
lower uterine segment. 

Some patients did not have both real-time and static ex- 
amination; therefore a conclusion cannot be drawn as to 
which is superior for the diagnosis of abdominal pregnancy. 
We recommend both examinations in such complex cases 
because they can be complementary. Frequently, the lower 
pelvis can best be examined with the flexibility of the real- 
time transducer, whereas static serial echotomograms permit 
recognition of the overall total abdominal anatomy, which 
provides a better understanding of normal and abnormal 
relationships. 

Although these studies were performed by experienced 
obstetric sonographers and sonologists, the diagnosis was 
missed in 25% of the cases. Retrospectively, the diagnosis 
can be made sonographically in 90% of the cases. The 
pregnancies would have been managed differently with earlier 
diagnosis. Thus, the sonographer and sonologist must main- 
tain a high index of suspicion in the appropriate clinical 
situation, such as maternal pain or bleeding, to ensure the 
diagnosis of abdominal pregnancy is not missed. 
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Fetal Omphalocele and 
Gastroschisis: A Review of 24 


Cases 





Fetal omphalocele and gastroschisis are congenital defects of the abdominal wall 
that require prompt surgical management at the time of delivery. To evaluate the role of 
prenatal sonography in identifying factors that influence prognosis, 24 cases of abdom- 
inal-wall defect (16 omphalocele, eight gastroschisis) were reviewed. Sonograms were 
evaluated for location of umbilical cord insertion, contents of the ventral defect, presence 
or absence of a covering membrane, fetal ascites, bowel-wall thickening, and coexisting 
anomalies. Sonographic differentiation between omphalocele and gastroschisis was 
possible in 18 (75%) of 24 cases. Eighteen patients had congenital defects in addition 
to the abdominal-wall defect. Associated abnormalities were present in 14 (88%) of 16 
fetuses with omphalocele and four (50%) of eight with gastroschisis. Overall survival 
rate was 50%, excluding six terminated pregnancies. Survival rate was 33% for neonates 
with omphalocele and 83% for those with gastroschisis. The better prognosis for 
neonates with gastroschisis appears to reflect the lower frequency of associated 
congenital anomalies. 


Omphalocele and gastroschisis are congenital defects of the abdominal wall that 
occur in approximately 1 of 4000 and 1 of 12,000 pregnancies, respectively [1]. 
Before prenatal sonography, few ventral defects were anticipated before delivery. 
Sonography has made possible the prenatal diagnosis of both omphalocele and 
gastroschisis [2]. Sonographic criteria to distinguish omphalocele from gastro- 
schisis include the site of umbilical cord insertion, the presence of a covering 
membrane, and the type of viscera protruding into the defect [2-5]. The overall 
survival rate for neonates born with an abdominal-wall defect has been reported to 
be 70-96% [6-10]. Patients with gastroschisis may have a better prognosis than 
those with omphalocele, because omphalocele is associated with a higher fre- 
quency of coexisting anomalies [7, 10, 11]. 

Twenty-four cases of congenital defects of the abdominal wall (16 omphaloceles, 
eight gastroschisis) detected in utero were reviewed retrospectively to evaluate 
the diagnostic potential of prenatal sonography. The accuracy of distinguishing 
omphalocele from gastroschisis and of identifying associated congenital abnormal- 
ities was assessed. The clinical course and outcome were reviewed to determine 
the impact of prenatal sonography, to evaluate the effect of coexisting malforma- 
tions on survival rate, and to compare the survival rate to previously published 
results. 


Materials and Methods 


From 1977 to 1985, 24 fetuses with abdominal-wall defects were detected by prenatal 
sonography. Original sonograms were reviewed in 20 cases, and the sonographic reports 
were examined in all cases. The sonograms were obtained via a variety of commercially 
available static and real-time scanners with 3.5- and 5-MHz transducers. Medical records, 
autopsy reports, and/or clinical follow-up reports were available for all 24 cases. Data collected 
included maternal age, parity, and family history of abdominal-wall defects. Sonograms were 
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examined for volume of amniotic fluid, sizes of abdominal-wall defect 
and fetal abdomen, contents of the defect, presence of a covering 
membrane, location of cord insertion, fetal ascites, bowel-wail thick- 
ening, and presence of other fetal anomalies. in deciding which of the 
abdominal viscera were herniated into the abdominal-wall defect, liver 
was distinguished from bowel by its characteristic morphology and 
echo texture and by identification of the hepatic veins and adjacent 
galibladder. A defect in the abdominal wall was classified as an 
omphalocele if a thin covering membrane of amnion and peritoneum 
was present or if the umbilical cord inserted onto the ventral defect: 
the diagnosis of gastroschisis was made if the umbilical cord inserted 
onto the fetal abdominal wail or if multiple images failed to demon- 
Strate a covering membrane. Bowel-wall thickening was evaluated 
subjectively. Fetal and neonatal information evaluated included ges- 
tational age at diagnosis, gestational age at delivery, mode of delivery, 
birth weight, chromosomal analysis, and associated anomalies. Treat- 
ment techniques, complications, and outcome were reviewed. 


Results 
Maternal History 


The average maternal age was 26 years (range, 18-35). 
Fifteen women were nulliparous; nine women were multipa- 
rous. None of the mothers had a personal history of an 
abdominal-wall defect or had had a previous gestation com- 
plicated by either an omphalocele or a gastroschisis. 


Sonographic Findings 


Sonograms or reports were reviewed for all patients. A 
diagnosis of an abdominal—-wall defect was made when a 


mass composed of abdominal viscera protruding from the 


fetal abdomen was identified. The average gestational age as 
estimated by sonographic measurements at the time of di- 
agnosis was 26 menstrual weeks (range, 17-36 weeks). 

The volume of amniotic fluid evident on the sonogram was 
evaluated subjectively in 23 patients. In 16 the volume was 
normal. Five had polyhydramnios and two had oligohydram- 
nios (one with premature rupture of membranes). All five 
pregnancies complicated by polyhydramnios were associated 
with fetuses who had omphaloceles. Of the two pregnancies 
complicated by oligohydramnios, one fetus had an omphalo- 
cele and one a gastroschisis. 
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Fig. 1.—-Omphalocele. Transverse 
sonogram through abdomen of a 35- 
week-old fetus. Note spine {black ar- 
row). Umbilical cord (white arrow) in- 
serts onto abdominal-wail defect (D). 


Fig. 2.—-Omphaloceie. Transverse 
sonogram through abdomen of a 25- 
week-oild fetus. Spine (straight arrow). 
Ascites (As) is present in fetal abdo- 
men and in abdominal-wall defect 
{curved arrow). 


The site of umbilical cord insertion could be determined in 
12 cases (50%). Insertion onto the abdominal-wall defect 
could be seen in seven fetuses (Fig. 1). All seven of these 
defects were omphaloceles. Sonographically, cord insertion 
was considered to be lateral to the abdominal-wall defect in 
five cases. Four of these fetuses had gastroschises and one 
had an omphalocele. In 12 cases, the site of cord insertion 
was considered sonographically indeterminate. 

A covering membrane could be identified in 11 fetuses, all 
of whom had an omphalocele. In six cases, sonographic 
images appeared to exclude a membrane. Five of these 
fetuses had a gastroschisis. One had an omphalocele with a 
covering membrane that was not sonographically apparent 
and did not have a ruptured membrane at autopsy. Seven 
sonograms were considered indeterminate for detecting the 
presence or absence of a covering membrane. Four of these 
fetuses had omphalocele, and three had gastroschises. 

Seven ventral defects contained bowel only; six were gas- 
troschises and one was an omphalocele. Four defects con- 
tained liver only; all four were omphaloceles. Eight abdominal- 
wall defects contained liver and bowel; seven were omphal- 
oceles and one was a gastroschisis. Five additional defects 
containing liver and/or bowel were associated with ectopia 
cordis. Of the fetuses with ectopia cordis, four had omphal- 
ocele and one a gastroschisis. A total of 14 defects contained 
liver. Thirteen of these abdominal-wall defects were omphal- 
oceles; only one was a gastroschisis. 

Ascites was detected in nine fetuses, all of whom had an 
omphalocele. Ascitic fluid was identified within either the fetal 
abdomen or the ventral defect (Fig. 2). Of these nine fetuses, 
six died, two survived, and one was terminated. Ascites was 
not demonstrated in any of the eight fetuses with gastro- 
schisis. 

Bowel-wall thickening was noted in four cases (Fig. 3). All 
four fetuses had gastroschisis. No fetus with an omphalocele 
had thickened bowel walls. 

The average fetal abdominal circumference was 17 cm 
(range, 6.5-29). The average circumference of the abdominal- 
wall defect was 17 cm (range, 9.0-30). The circumference of 
the defect was greater than or equal to that of the fetal 
abdomen in 11 cases. Of these 11 fetuses, five (45%) were 
terminated, four (36%) died, and two (18%) survived. The 
circumference of the defect was less than the fetal abdominal 
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Fig. 3.—Gastroschisis. Transverse 
sonogram through abdomen of a 31- 
week-old fetus shows multiple bowel 
loops with thickened walls (arrows) 
floating anterior to fetal abdomen (A). 


Fig. 4.—Omphalocele. Transverse 
sonogram through abdomen of a 22- 
week-old fetus. Note spine (straight ar- 
row). Liver (L) protrudes into abdomi- 
nal-wall defect. Ascites (As) outlines 
covering membrane (curved arrow) of 
omphalocele. 
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TABLE 1: Associated Anomalies and Outcome of Omphalocele and Gastroschisis 





iy AWD Anomalies at Sonography 
1 Om Amniotic bands, scoliosis 
2 Om Ectopia cordis, kyphosis 
3 G None 
4 Om None 
5 Om None 
6 Om Hypoplastic thorax 
7 G Hydronephrosis right kidney 
8 Om None 
9 G None 
10 G None 
11 Om None 
12 G Amniotic bands, posterior encephalocele, 
hypoplastic thorax 
13 Om Ectopia cordis 
14 G Ectopia cordis, scoliosis 
15 G None 
16 Om Hypoplastic thorax 
17 Om Left diaphragmatic hernia 
18 Om Hypoplastic thorax 
19 Om Ectopia cordis, scoliosis 
20 Om Abnormal cisterna magna 
21 G None 
22 Om None 
23 Om Ectopia cordis, scoliosis, sacral cyst 
24 Om None 





Anomalies at Birth Outcome 





Amniotic bands, scoliosis, hypoplastic heart/ D 
lung, cloaca, Meckel’s diverticulum 
Ectopia cordis, skeletal anomalies, urethral D 
agenesis, bladder exstrophy, imperforate 
anus 
None D 
Agenesis left kidney, patent urachus, cryptor- A 
chidism, Meckel’s diverticulum 
Scoliosis, hypoplastic thorax, absent right hemi- D 
diaphragm, atrial septal defect 
None D 
None A 
None A 
lleal atresia, Meckel’s diverticulum A 
Jejunal stenosis A 
Bilateral inguinal hernias, undescended testis, A 
patent foramen ovale 
Holoprosencephaly, encephalocele, absent right T 
hemidiaphragm, atrial septal defect, hypoplas- 
tic thorax 
Ectopia cordis T 
Ectopia cordis, scoliosis T 
None A 
Amniotic bands, scoliosis, hypoplastic lungs pi 
Left diaphragmatic hernia, undescended testis D 
Malrotation, Meckel’s diverticulum A 
Ectopia cordis, scoliosis, left diaphragmatic her- T 
nia, short umbilical cord 
Cryptorchidism, craniofacial disporportion, club D 
feet 
None A 
Extracranial occipital cyst D 
Ectopia cordis, amniotic bands, sacral agenesis, T 
sacral cyst, cloaca, bladder exstrophy, ileal 
atresia 
Hypoplastic lungs, atrial septal defect, patent D 
ductus arteriosus, absent superior mesenteric 
artery, long-segment ileal atresia 


Note.—AWD = abdominal wall defect, Om = omphalocele, G = gastroschisis. A = alive, D = dead, T = pregnancy terminated. 


circumference in nine fetuses; five (56%) of these died and 
four (44%) survived. The relative circumference of the abdom- 
inal-wall defect compared with that of the fetal abdomen (i.e., 
larger or smaller) was not a useful predictor of fetal outcome 
for fetuses with either omphalocele or gastroschisis. 


Associated congenital anomalies were detected at birth in 
14 (88%) of 16 fetuses with an omphalocele and four (50%) 
of eight with a gastroschisis. Coexisting anomalies were 
suspected on the basis of sonography in 13 cases (Table 1). 
Nine of 18 fetuses were correctly identified as having coex- 
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isting anomalies on the basis of sonography; in four instances 
the suspected anomaly was not found to exist at birth (two 
cases of suspected hypoplastic thorax, one each of abnormal 
cisterna magna and unilateral hydronephrosis). In 11 fetuses 
no associated anomalies were detected by sonography, and 
none were found at birth in four of these. Seven fetuses 
without sonographically suspected anomalies were found to 
have additional abnormalities at birth, ranging from minor to 
life-threatening malformations (Table 1). However, only three 
of these fetuses had associated abnormalities that theoreti- 
cally could have been detected by prenatal sonography. 

On the basis of all available criteria, sonographic differentia- 
tion between omphalocele and gastroschisis was possible in 
18 (75%) of 24 fetuses. A prenatal diagnosis of omphalocele 
was correct in 11 (100%) of 11 cases, whereas a diagnosis 
of gastroschisis was correct in 7 (70%) of 10 cases. Three 
fetuses with omphalocele were incorrectly diagnosed as hav- 
ing gastroschisis. Sonograms were considered indeterminate 
in three instances; one fetus had a gastroschisis and two had 
omphalocele. 


Delivery 


The gestational age at the time of delivery for the 18 
pregnancies that were not terminated averaged 34 menstrual 
weeks (range, 22—40). There were 10 cesarean sections (nine 
live births and one stillbirth) and eight vaginal deliveries (six 
live births and two stillbirths). The presence of an abdominal- 
wall defect was mentioned specifically as a factor in electing 


cesarean section in four of 10 cases. The average birth weight 


for those pregnancies not terminated was 2186 g (range, 
325-3920). The average weight for infants with omphalocele 
was 2151 g; for those with gastroschisis, 2253 g. Chromo- 
somal analysis was performed for six neonates, all of whom 
had a normal karyotype. 


Postnatal Course 


Six of the 24 fetuses were terminated. Of the 18 nonter- 
minated fetuses, 12 had omphalocele and six had gastro- 
schisis. The overall survival rate of the nonterminated fetuses 
was 50% (9/18). Excluding terminated pregnancies, the sur- 
vival rate of fetuses with omphalocele was 33% (4/12); for 
fetuses with gastroschisis the survival rate was 83% (5/6). 

Of the 15 live born infants, 12 survived to undergo correc- 
tive surgery. A primary closure of the ventral defect was 
performed on two neonates with omphalocele and two with 
gastroschisis. A multistage closure by means of a Silastic 
(polymeric silicone) pouch was required in eight cases (five 
omphalocele, three gastroschisis). Three of the 12 neonates 
who underwent surgery subsequently died. All three were 
infants with omphalocele; one had been treated with primary 
closure, and two had required a multistage procedure. All 
survivors had corrective surgery but did not have severe 
coexisting congenital abnormalities (Table 1). 


Discussion 


An omphaiocele is a midline defect in the anterior abdominal 
wall through which abdominal viscera herniate into the base 
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of the umbilical cord. The protruding organs are covered by 
a thin membrane consisting of amnion, peritoneum, and Whar- 
ton’s jelly; the umbilical cord inserts onto this membrane. 
Rarely, the covering membrane may rupture in utero and be 
sonographically inapparent. An omphalocele results from the 
failure of lateral body folds to migrate normally toward the 
midline, which produces a defect at the umbilical ring [12]. A 
high frequency of associated anomalies, including chromo- 
somal abnormalities, ranging from 56 to 73% has been re- 
ported [7, 10, 11, 13]. 

Gastroschisis is a full-thickness paraumbilical defect in the 
abdominal wail, usually located to the right of the umbilical 
cord, through which abdominal viscera protrude; there is no 
covering membrane. The umbilical cord inserts normally onto 
the fetal abdomen. The pathogenesis of gastroschisis is con- 
troversial, but a recent theory suggests that it results from 
disruption of the right omphalomesenteric artery in early ges- 
tation [14]. The frequency of associated anomalies is much 
lower than with omphalocele, ranging from 8 to 21% [7, 10, 
13]. 

The sonographic diagnosis of an abdominal-wall defect can 
be made when a mass containing viscera is seen to project 
from the anterior abdominal wall of the fetus. Sonographic 
differentiation of omphalocele from gastroschisis has-been 
based on the site of cord insertion, the presence of a covering 
membrane, and the type of viscera protruding into the defect. 
In this study, the site of cord insertion was correctly identified 
in only 11 (46%) of 24 fetuses. A covering membrane was 
either detected or excluded correctly in 15 (68%) of 24 
fetuses. Distinguishing omphalocele from gastroschisis by 
using all criteria was possibile in 75% of cases. 

Several authors [2, 5, 12] have reported that the presence 
of viscera other than bowel in an abdominal-wall defect is 
more likely with omphalocele than with gastroschisis. Redford 
et al. [2] stated that the liver is always in a normal location 
with gastroschisis. In our study, the liver protruded through 
the ventral defect in 14 fetuses, only one of whom had a 
gastroschisis. The presence of liver outside the fetal abdomen 
is strong evidence for an omphalocele. Ectopia cordis was 
present in five fetuses, four of whom had omphalocele. Ec- 
topia cordis is frequently associated with omphalocele, and it 
results from abnormal formation of the cephalic body-fold as 
well as the lateral body-folds [5, 11, 12]. The presence of 
ectopia cordis suggests that an abdominal-wall defect is most 
likely an omphalocele. 

Fetal ascites is a useful indicator of omphalocele. Ascites 
should be visualized only with omphalocele, because the 
membrane covering the ventral defect allows for the accu- 
mulation of ascitic fluid within the intact peritoneal cavity. With 
gastroschisis, the absence of a covering membrane allows 
any ascitic fluid generated within the peritoneal cavity to 
escape into the surrounding amniotic fluid. Theoretically, am- 
niotic fluid could potentially accumulate in the abdomen of a 
fetus with gastroschisis, but this was not observed in any of 
the eight fetuses with gastroschisis. In this study, ascites was 
detected in nine fetuses with omphaloceles. In the usual case 
of omphalocele, ascites facilitated visualization of the covering 
membrane (Fig. 4). In one case, omphalocele could be diag- 
nosed by the presence of ascitic fluid even though neither the 
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covering membrane nor the site of cord insertion could be 
demonstrated with certainty. The survival rate of fetuses with 
omphalocele complicated by ascites (two [25%] of eight 
nonterminated fetuses) was less than the survival rate of 
those with omphalocele and no ascites (two [50%] of four 
nonterminated fetuses). 

With gastroschisis, bowel loops are often thickened and 
matted together. Bowel-wail thickening results from a chem- 
ical peritonitis caused by contact with fetal urine in the am- 
niotic fluid [15]. Thickening of the bowel wall was noted in 
four fetuses during sonography, and all four had gastro- 
schisis. In one of these, neither the site of cord insertion nor 
the presence or absence of a membrane could be determined 
with certainty; the diagnosis of gastroschisis was made on 
the basis of bowel-wall thickening. No fetus with an omphal- 
ocele had sonograms that showed thickened bowel walls. 
The presence of bowel-wall thickening did not adversely affect 
survival. 

Stenotic or atretic bowel lesions were detected at surgery 
or autopsy in four neonates (three gastroschisis, one om- 
phalocele). In retrospect, dilated loops of bowel were identi- 
fiable sonographically in two (50%) of these four. The bowel 
dilatation might have resulted from atretic or stenotic seg- 
ments; however, four (80%) of five gastroschisis neonates 
who did not have atretic or stenotic bowel lesions also had 
sonographic evidence of dilated bowel. Bowel dilatation in 
fetuses with abdominal-wall defects is nonspecific, and the 
prenatal detection of bowel stenosis or atresia in these pa- 
tients is problematic. 

In this study, 18 (75%) of 24 fetuses had other anomalies 
in addition to their abdominal-wall defect. The severity of 
these associated malformations ranged from minor (e.g., 
cryptorchidism, inguinal hernia) to life threatening (e.g., long- 
segment intestinal atresia, absent hemidiaphragm, ectopia 
cordis). Associated deformities were either detected or cor- 
rectly excluded in 13 (54%) of 24 fetuses. Several factors 
contributed to the difficulty in detecting associated malfor- 
mations. First, five fetuses were examined before 1980 by 
means of less sophisticated equipment than that currently 
available. Second, some anomalies are difficult to evaluate 
sonographically (e.g., Meckel’s diverticulum). In fact, of the 
11 patients felt to have no additional anomalies on the basis 
of sonography, only three had defects that potentially could 
have been detected (unilateral renal agenesis, scoliosis, and 
hypoplastic lung). Third, associated congenital defects can be 
obscured or overlooked in the presence of a large extraab- 
dominal mass. Once an abdominal-waill defect is identified, a 
detailed sonographic examination is required to detect asso- 
ciated malformations that could potentially affect outcome. 
Because a significant portion of these fetuses also have a 
cardiac abnormality (in our study, 9 [38%] of 24), a fetal 
echocardiogram should also be performed to detect cardiac 
anomalies whenever a sonogram shows a defect in the ab- 
dominal wall. 

The overall survival of neonates in this series was 50% 
(nine of 18 nonterminated pregnancies). This rate is lower 
than the 70-96% survival rate reported [2-6]. Higher survival 
rates may reflect a greater proportion of patients with gas- 
troschisis or preselection of patients who survive to undergo 
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surgery. In this study, 33% of fetuses with omphalocele and 
83% with gastroschisis survived. The better prognosis for 
gastroschisis appzars to reflect the lower frequency of asso- 
ciated congenital anomalies. In addition, neonates who sur- 
vived repair of omphalocele were those without severe co- 
existing malformations (Table 1). Although the absence of 
associated congenital anomalies did not guarantee a good 
outcome, most survivors in our study had either minor coex- 
isting defects or no additional anomalies. 

In conclusion, the survival rate of fetuses with an abdomi- 
nal-wall defect is less than that reported for neonates with 
this condition. Sonography can be used to accurately diag- 
nose abdominal-wall defects in utero and can distinguish 
between omphalocele and gastroschisis in most but not all 
cases. When an abdominal-wall defect is identified, a careful 
search, including a fetal echocardiogram, should be per- 
formed for associated anomalies. 
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Technical Note 





A Technique for Image Salvage in MR 


Gunnar Lund‘ and Richard Morin 


Two disadvantages of MR imaging are that data acquisition 
is a lengthy procedure, and image quality depends heavily on 
the patient's ability to remain immobile during the scan. Con- 
sequently, young children and uncooperative adults generally 
require some form of sedation. 

If the child awakens during an imaging sequence, the 
ensuing motion will usually cause severe imaging artifacts. 
For safety reasons the patient will also have to be removed 
from the magnet. Often the acquisition sequence is aborted 
at this point, thus causing all information obtained before the 
patient’s movement to be lost. 

With most MR units, there are two methods of removing 
the patient. The technique that is most routinely used employs 
the table’s electronic controls. Activating these controls dur- 
ing a measurement may completely abort the acquisition 
sequence. All information acquired up to that time is lost and 
no image is formed. The second option, available for emer- 
gency use, is a simple manual withdrawal of the patient table. 
Since the electronic controls are not activated, the system 
will continue the measurement, as if the patient were still 
within the magnet. After the measurement sequence is fin- 
ished, images are reconstructed from patient data obtained 
before table withdrawal and from background electronic noise 
after withdrawal. We have found that images formed from 
such incomplete patient data sets can be useful in situations 
when patients have to be removed from the magnet because 
of motion. We report our procedure for implementing this 
“image salvage” technique, and illustrate its effect on image 
quality by describing a simple imaging experiment. 
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Materials and Methods 


All patient images were obtained on a Siemens Magnetom (0.35 
T). Images of the volunteer were obtained with the system operating 
at 1 T. Image acquisition was performed by using a two-dimensional 
Fourier transformation technique. When examining children under 
sedation, we monitor ECG and respiration. The patient is also ob- 
served via a TV camera. Awakening is usually preceded by an 
increase in heart rate. If movements are severe enough to require 
removal of the patient from the magnet, we manually withdraw the 
patient table without activating the table controls. This does not abort 
the measuring sequence. At the end of the measurement, images are 
reconstructed as usual by using standard system software. 


Case Reports 


We have used this technique in nine patients. Two of these patients 
are discussed below. 


Patient 1 


A 15-year-old girl was admitted for treatment of drug abuse. The 
patient was referred for MR to evaluate possible organic brain dis- 
ease. Two multislice spin-echo sequences with a repetition time (TR) 
of 1.5 sec and echo-delay times (TE) of 35 and 70 msec were 
performed. With two acquisitions and a 256 x 256 acquisition matrix, 
each sequence lasts 12.9 min. Toward the end of the second se- 
quence the patient removed herself from the head coil and crawled 
out of the magnet. The resulting images were of diagnostic quality, 
even though the patient was outside of the magnet for the last 2 min 
of the measurement (Fig. 1). 
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Fig. 1.—Axial spin-echo images recon- 
structed from incomplete patient data. SE 1.5/ 
35. Patient was outside magnet for last 2 min of 
12.9-min measurement. 


Fig. 2.—Axial inversion recovery images re- 
constructed from incomplete patient data. Inver- 
sion recovery, 1.5/400/35 at two different slice 
positions. Patient was removed from magnet 
with 5 min of 12.9-min measurement remaining. 


Fig. 3.—Sagittal spin-echo images of volun- 
teer. Total measurement time 2 min, 47 sec; SE 
0.5/17. 

A, Movement (head nodding) during last 1 min 
of sequence. 

B, Same as A, but volunteer removed from 
magnet shortly after start of movement. 


Patient 2 


A 15-month-old boy with developmental delay and suspected 
white-matter disease was referred for MR. The patient was sedated 
by using 80 mg/kg of chloral hydrate. Two spin-echo sequences with 
a TR of 1.5 sec and TE of 35 and 70 msec were performed. An 
inversion recovery sequence with TR 1.5 sec lasting 12.9 min was 
then started. The patient awoke with 5 min of the measurement left. 
Because of head and arm motion, the patient was removed from the 
magnet. The resulting images are shown in Figure 2. Despite some 
artifacts, the images allow evaluation of the extent of white matter 
development. 


Imaging Experiment 


To examine the influence of this technique on image quality 
and to see how the images were affected by withdrawal of 
the patient at different times during the measurement se- 
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quence, we carried out the following experiment. A normal 
adult volunteer was imaged using: (1) a sagittal multislice 
spin-echo sequence with TR 0.5 sec, TE 17 msec, 256 x 256 
acquisition matrix, single acquisition (total time, 2 min 47 sec); 
(2) the identical sequence, but the volunteer was instructed 
to move (nodding motion) for the last 1 min of the measure- 
ment; (3) the identical sequence and motion, but the table 
was withdrawn shortly after the motion commenced; (4) the 
identical sequence with motion only during the last 30 sec; 
and (5) the same conditions as (4), but the table was with- 
drawn shortly after the motion started. 

The image obtained with 1 min of motion (Fig. 3A) contains 
no useful information compared with a normal image. The 
image obtained after withdrawal of the table (Fig. 3B) is 
improved compared with Fig. 3A, but has phase distortions 
and decreased spatial resolution. The image obtained with 
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only 30 sec of movement (Fig. 4A) is less distorted than Fig. 
3A, but is inferior to a regular image. The image obtained 
after withdrawal (Fig. 4B) is improved compared with Figs. 
4A and 3B, but still shows residual phase distortions. 


Discussion 


Our experience with both patients and volunteers demon- 
strates that useful information is present even in images 
formed from limited patient data. In some situations these 
images may be valuable, compared with images obtained 
from a continuously moving patient. 

Imaging techniques that use phase encoding and Fourier 
analysis for spatial localization and image formation are com- 
monly employed in present-day MR scanners [1-3]. A com- 
plete set of raw data consisting of a number of different 
phase-encoding steps (equal to the matrix size) is required 
for the full Fourier-image reconstruction presently used. Inter- 
est in less than full Fourier imaging has been motivated mainly 
by the desire to shorten imaging time [4]. 

After the 90° radiofrequency pulse, the net magnetization 
evolves for a short time under the influence of a linear mag- 
netic-field gradient along one axis. This phase-encoding gra- 
dient is subsequently turned off, and signal collection follows. 
The phase-encoding gradient results in the spins accumulat- 
ing a phase angle dependent on their positions along the 
gradient. The strength of the gradient is varied for each 
subsequent measurement, and the number of measurements 
equals the required resolution along the direction of the phase- 
encoding gradient. In this way, a data set is collected with a 
sufficient number of lines to allow formation of an image. 

Our system employs phase-encoding gradient steps such 
that the relative phase-encoding gradient varies (1) from —2 
m (N/2) to 2 a (N/2 — 1), where N is the required gradient 
step. This means that the spin distribution will not be out of 
phase (zero phase angle) in the middle of the measuring 
sequence. The signal amplitude is largest when there is 0 
phase angle, and the highest amplitude signal will therefore 
be collected at the middie of such a measurement. The 
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Fig. 4.—A, Movement during last 30 sec. 
B, Same as A, but with removal from magnet 
shortly after start of movement. 


beginning and end of a measurement sequence therefore 
contribute little to the overall signal but are required for high- 
spatial-frequency information resulting in edge sharpness. For 
the purposes of this discussion, ending the signal collection 
at any point beyond the middle of the sequence results in an 
image with overall good signal. However, as shown by our 
imaging experiment, there are increased noise, phase error, 
and loss of high-frequency information. These artifacts are 
less pronounced if more data are available for image recon- 
struction (Figs. 3 and 4). Provided the sequence proceeds 
beyond the point of 0 phase encoding there will be sufficient 
strength of signal. Some artifact results from the loss of higher 
frequency spatial resolution. 

Alternative approaches, which may require software modi- 
fications, would allow either a choice of phase-encoding tables 
so that most of the signal could be collected at the start of 
the measurement rather than in the middle, or some form of 
less-than-full Fourier-image reconstruction in which the meas- 
urement could be stopped at any point with a “zero filling” of 
the missing data points and raw data filtering [4]. This would 
eliminate the electronic noise used to fill the missing data 
points in our technique and improve the signal-to-noise ratio 
in the image. 
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The Scientific Literature in 
Diagnostic Radiology for 
American Readers: A Survey 
and Analysis of Journals, Papers, and 
Authors 


The scientific literature in diagnostic radiology for American readers was surveyed 
by studying the recent growth of its journals, papers and authors. The number of journals 
has increased rapidly, following the crowth in the production of papers. Of the 36 
scientific diagnostic radiology journals available at a university medical center, 18 began 
publication in 1973 or later. The proliferation of new journals should moderate as the 
size of the American diagnostic radiology research community stabilizes and the newer 
journals publish a growing share of the papers. Citation analysis, a method of studying 
interrelationships between papers and journals, showed that citations from papers 
published in clinical journals to papers published in diagnostic radiology journals 
accounted for 6% of total citations made in those clinical journals. This observation 
indicates that research in diagnostic radiology has considerable relevance to research 
in clinical medicine. Although the numb=r of papers from American diagnostic radiology 
researchers increased from 468 papers in two journals in 1960 to 2861 papers in 16 
journals in 1984, the number of researchers increased more rapidly, resulting in a decline 
in aggregate productivity. At the same time, the average number of authors per paper 
increased from 2.15 in 1960 to 4.36 in 1985. The first authorship of a scientific paper 
appears to be the most suitable quantitative measure of research productivity. Study of 
a sample of 130 diagnostic radiology researchers showed that, on average, each 
researcher published 3.8 papers as first author in the 5 years from 1980 to 1984. The 
most prolific 15% of the authors published 52% of the papers. 


As diagnostic radiology has grown and evolved, so has its scientific literature. 
Rapid advances made possible by technologic progress and a more sophisticated 
understanding of the human organism have generated an abundance of new 
information. This study examines ths literature that conveys this infomation. The 
proliferation of new journals is studied first, and then the interrelationships between 
the literatures of diagnostic radiology and the clinical specialties are considered. 
The productivity and size of the American diagnostic radiology research community 
over 25 years are described. The trend towards multiple-author of papers is 
quantified and examined. A profile of contributors to diagnostic radiology journals 
and the distribution of their individual prolificacy is developed. 


Materials and Methods 
Journals 


The number of diagnostic radiology journals readily available in the libraries of the State 
University of New York (SUNY) Health Science Center at Syracuse with format, content, and 
editorial policy appropriate for scientific papers was determined. The rate of proliferation of 
these journals was derived from their publication history. The criterion for ready availability 
was the ability to find actual issues of the journals. Selection factors for acquisition of 
particular journals were not examined; in general, the library system sought the largest 
collection of the most useful journals possible within its financial limitations. 

The relationships between the scientific literature of diagnostic radiology and the biomedical 
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literature as a whole were studied by means of citation analysis [1]. 
Attention was focused on the use of nonradiologic research and 
Knowledge in diagnostic radiology research and on the use of radio- 
logic research and knowledge in nonradiologic research. A citation is 
the event that occurs when one paper (the cited paper) is used as a 
reference by another paper (the citing paper). A citation indicates that 
the cited paper, in at least one instance of the citing paper, has 
relevance to research subsequent to its publication, and implies a 
close link between the subjects of the two papers. If all of the citations 
made and received by all of the papers published in a particular 
journal are examined as a group, then the relationship of that journal 
to other journals can be described in terms of how frequently the 
other journals cite and are cited by the studied journal [1]. The Journal 
Citation Reports (JCR) of the Science Citation index (SCI) [2] list data 
from which these relationships can be derived. Only those journals 
that were mentioned in the 1984 volumes of the JCR were included 
in the present study. Many journals, including most foreign ones, 
were excluded because data on their citations were unavailable. By 
using the method of Garfield [3], a core group of 10 diagnostic 
radiology journals was identified on the basis of the greatest number 
of citations received in 1984. The names of the 50 journals that cited 
these core journals most frequently and the names of the 50 journals 
that were cited by these core journals most frequently were obtained 
from data in the 1984 JCA. 


Papers 


Growth in the number of papers written by the American diagnostic 
radiology research community as a whole was studied in relation to 
the size of the research community during the 25 years from 1960 to 
1984. The number of papers written by the American group was 
estimated by counting the number of papers published in journals 
that accepted predominantly original research contributions from 
Amerian academic departments of radiology. These journals were 
American Journal of Roentgenology (AJR), Radiology, Journal of 
Nuclear Medicine, Investigative Radiology, Pediatric Radiology, Jour- 
nal of Clinical Ultrasound (JCU), Journal of Computer Assisted To- 
mography, Clinical Nuclear Medicine, Gastrointestinal Radiology, 
Skeletal Radiology, Journal of Computed Tomography, Cardiovascu- 
lar and interventional Radiology, Urologic Radiology, Journal of Ultra- 
sound in Medicine, and American Journal of Neuroradiology (AJNR). 
Data were collected only about the number of papers, not about their 
length, quality, or subject material. Because none of these journals 
restricted itself to American contributions, this approach overesti- 
mated the number of papers from American researchers by counting 
papers from foreign radiologists as well as those from radiation 
oncologists and clinicians. The number of papers was underestimated 
by not counting papers published in other serials such as clinical 
journals or official journals of foreign radiologic societies. The number 
of full-time academic faculty in diagnostic radiology as reported by 
the American Medical Association in the annual medical education 
issues of JAMA was used as the number of American researchers in 
diagnostic radiology. The number of researchers in diagnostic radiol- 
ogy was overestimated by including academic radiation oncologists 
and underestimated by not counting researchers who were not full- 
time academic radiologists. 

The growth of two diagnostic radiology journals, AJR and Radiol- 
ogy, was followed for the years 1950 to 1985. At 5-year intervals, 
the papers and authors in the July, August, and September issues 
were counted and multiplied by 4. The distribution of papers with 
more than one author was observed. No attempt was made to 
describe the time required for publication, the subject material, or the 
length or quality of the papers. 
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Authors 


A sample of researchers in diagnostic radiology during a 5-year 
period was studied to observe the literary prolificacy of researchers 
individually. An arbitrary sample was obtained from the July 1982 
issue of AJR, a large and eminent journal devoted exclusively to 
diagnostic radiology. Obtaining the sample in this way virtually ex- 
cluded researchers in radiation oncology, physics, instrumentation, 
and related disciplines. The 130 authors of papers listed in the table 
of contents made up the sample; the authorship or coauthorship of 
a research paper in diagnostic radiology was considered strong 
presumptive evidence of significant research activity in that field. 
There were 34 first authors and 96 coauthors. Affiliation with a 
department of radiology or nuclear medicine was indicated by 106 of 
the researchers. Of the remaining 24 researchers, 13 were in surgery 
or related specialties, five were in medicine or related specialties, five 
were in pathology, and one was in basic science. By the end of the 
5-year period being studied, 89 researchers were certified by the 
American Board of Radiology: three were certified in 1959 or earlier, 
17 in 1960-1969, 18 in 1970-1974, 31 in 1975-1979, and 20 in 
1980-1984 [4]. Those who were certified in 1980-1984 were pre- 
sumed to be in training for a portion of the years studied. No attempt 
was made to establish whether each researcher was actively engaged 
in research for all of the 5 years studied. 

For each researcher in the study sample, the number of papers 
published as first author in a journal of diagnostic radiology listed in 
the Cumulated Index Medicus [5] was counted for each year from 
1980 to 1984. Papers coauthored by the researcher or published in 
other journals were not counted. A 5-year prolificacy profile was 
constructed by calculating the total number of publications for each 
researcher for the 5 years studied. The prolificacy of researchers in 
relation to the year of board certification was also studied. 


Results 
Journals 


There were 36 scientific diagnostic radiology journals read- 
ily available in the libraries of SUNY Health Science Center at 
Syracuse in 1985. As shown in Table 1, nine journals began 
publication in the 62 years from 1896 through 1957. The 
number of journals in publication doubled to 18 only 14 years 
later in 1971 and doubled again to 36 only 13 years after that. 
Nearly all of these journals were published in North America 
and Europe, and in the English language. 


Citation Analysis 


Ten core journals of diagnostic radiology were identified as 
those that received the most citations in 1984 (Table 2). Six 
journals were general in scope; four were subspecialized: two 
in neuroradiology, one in nuclear medicine, and one in CT. As 
a group, they published 2641 papers in 1984 and made 
42,029 citations, for an average of about 16 references per 
published paper. They were cited 48,385 times in 1984, which 
was 85% of the times the 35 diagnostic radiology journals 
covered in the 1984 SC/ were cited. Other diagnostic radiol- 
ogy journals evidently received too few citations to reach the 
threshold for SC/ coverage. Included among the 10 core 
journals were those with the longest publication histories, the 
greatest number of papers published per year, and the largest 
circulations. 
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TABLE 1: Scientific Journals of Diagnostic Radiology Available at a University Medical Center 





Year of First 


Journal Title (Place of Publication) 





Publication 
1896 British Journal of Radiology (London) 
1897 R6FO: Fortschritte auf dem Gebiete der Réntgenstrahien und der 
Nuklearmedizin (Stuttgart) 
1906 AJR. American Journal of Roentgenology (Ba'tirnore) 
1915 Radiology (Easton, PA) 
1921 Acta Radiologica: Diagnosis (Stockholm) 
1933 Diagnostic Imaging in Clinical Medicine (Basel) 
1949 Clinical Radiology (Edinburgh) 
1957 Australasian Radiology (Sydney) 
1957 Journal of Nuclear Medicine and Allied Sciences (Torino) 
1958 Annales de Radiologie (Paris) 
1959 Nuklearmedizin. Nuclear Medicine (Stuttgart) 
1960 Journal of Nuclear Medicine (New York) 
1963 Radiologic Clinics of North America (Philadelphia) 
1966 Investigative Radiology (Philadelphia) 
1966 seminars in Roentgenology (New York) 
1970 CRC Critical Reviews in Diagnostic Imaging (Boca Raton, FL) 
1970 Neuroradiology (Berlin) 
1971 seminars in Nuclear Medicine (New York) 
1973 JCU. Journal of Clinical Ultrasound (Denver) 
1973 Journal of the Canadian Association of Radiologists (Montreal) 
1973 Pediatric Radiology (Berlin) 
1976 Clinical Nuclear Medicine (Philadelphia) 
1976 European Journal of Nuclear Medicine (Heidelberg) 
1976 Gastrointestinal Radiology (Berlin) 
1976 Skeletal Radiology (Berlin) 
1977 Computerized Radiology (Eimsford, NY) 
1977 Journal of Computed Tomography (New York) 
1977 Journal of Computer Assisted Tomography (New York) 
1978 Cardiovascular and Interventional Radiology (Berlin) 
1979 Urologic Radiology (New York) 
1980 AJNR. American Journal of Neuroradiology (Baltimore) 
1980 Seminars in Ultrasound, CT and MR (New York) 
1981 Radiographics (Easton, PA) 
1982 Journal of Ultrasound in Medicine (Philadelphia) 
1982 Magnetic Resonance Imaging (New York) 
1984 Seminars in Interventional Radiology (New York) 





TABLE 2: 1984 Core Journals of Diagnostic Radiology 








Papers Citations in 1984 
Journal Published “tere 
in 1984 Received Made 

Radiology 647 17,792 9769 
AJR 499 11,656 7527 
J Nucl Med 193 5756 4346 
Br J Radiol 205 3692 2934 
J Comput Assist Tomogr 267 2875 3133 
Invest Radiol 158 1588 3127 
Clin Radiol 102 1370 1427 
Neuroradiology 94 1345 1410 
AJNR 163 1148 2858 
RōFO 313 1163 5498 





The 50 journals that cited the core diagnostic radiology 
journals most frequently in 1984 included the core journals 
and 18 other diagnostic radiology journals (Table 3). There 
were seven journals devoted to other aspects of radiology 
and 15 medical, surgical, or multidisciplinary clinical journals. 


These 50 journals cited the core journals 22,327 times, or 
46% of all of the citations to the core journals in 1984. 
Citations to the core journals represented an average of 32% 
of total citations made in the 28 diagnostic radiology journals. 
Citations to the core were an average of 9% of total citations 
made in the journals devoted to other aspects of radiology. 
Citations to the core were an average of 6% of total citations 
made in the clinical journals. 

The 50 journals cited most frequently in the bibliographies 
of papers published in the core diagnostic radiology journals 
in 1984 included the 10 core journals and seven other diag- 
nostic radiology journals (Table 4). There were three journals 
devoted to other aspects of radiology, 15 medical and multi- 
disciplinary clinical journals, 14 surgery journals, and one 
general science journal. These 50 journals were cited 24,099 
times in the core journals, which made up 51% of all of the 
citations made by the core journals in 1984. For the 17 
diagnostic radiology journals, citations in the core journals 
represented an average of 29% of their total citations re- 
ceived. For the three other radiology journals, citations in the 
core journais were an average of 8% of all citations received. 
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TABLE 3: The 50 Journals That Cited the Core Diagnostic Radiology Journals Most Frequently in 1984 
EE LA a NE I IE TE TTI A AE IL ELISE SSI TT ET TE LETTE EO TIEEE SELES TEA SE TCT EEE SAAS TE IS ATTEN AEBS IDE ANB ET TTT ETT SNPS Se ARN 


1. Radiology 13. Ann Radiol (Paris) 
2. AJR 14. Clin Nucl Med 

3. R6FO 15. Neuroradiology 
4. Invest Radiol 16. Clin Radiol 

5. J Comput Assist Tomogr 17. Cancer 

6. J Nucl Med 18. J Comput Tomogr 
7. AJNR 19. J Neurosurg 

8. Radiol Clin North Am 20. Radiologe 

9. Br J Radiol 21. Eur J Nucl Med 
10. Int J Radiat Oncol Biol Phys 22. JCU 
11. Semin Nuci Med 23. Med Clin North Am 
12. CAC Crit Rev Diagn imging 24. Semin Roentgenol 


Note.—-Given in order of decreasing frequency of citation, 


. Med Phys 38. Int J Appi Radiat Isot 
. J Ultrasound Med 39. Strahlentherapie 

. Surg Clin North Am 40. South Med J 

. J Urol 41. J Can Assoc Radiol 

. Acta Radiol [Diagn] (Stockh) 42. Phys Med Biol 

. Clin Gastroenterol 43. Am d Gastroenterol 


. Skeletal Radiol 44. Mt Sinai J Med (NY) 

. Clin Chest Med 45. Radiat Res 

. Gastrointest Radiol 46. Proc Soc Photo Opt Instr 
. Nerosurgery 47. Diagn Imaging Clin Med 
. Am J Cardiol 48. Comput Radiol 

. Pediatr Radiol 49. Chest 

. Surg Neurol 50. Clin Orthop 


TABLE 4: The 50 Journals That the Core Diagnostic Radiology Journals Cited Most Frequently in 1984 


1. Radiology 13. Circulation 

2. AJR 14. J Urol 

3. J Nuci Med 15. JAMA 

4. J Comput Assist Tomogr 16. Lancet 

5. Br J Radiol 17. Arch Surg 

6. Cancer 18. Clin Radiol 

7. Invest Radiol 19. Am J Surg 

8. AJNR 20. Ann Surg 

9. N Engi J Med 21. Radiol Clin North Am 
10. RöFO 22. Gastroenterology 
11. Neuroradiology 23. J Bone Joint Surg [Am] 
12. J Neurosurg 24. Surg Gynecol Obstet 


Note.-—Given in order of decreasing frequency of citation. 


For the medical and multidisciplinary clinical journals, citations 
in the core journals were 1% of all citations received. For the 
surgery journals, citations in the core journals were 4% of all 
citations received. 

For each individual core diagnostic radiology journal, the 
single journal that cited it most frequently was itself. The 
proportion of self-citedness ranged from 6 to 19% of all 
citations received. The journal most frequently cited by eight 
of the core journals was Radiology; such citations repre- 
sented 11 to 18% of all citations made. The British Journal of 
Radiology and the Journal of Nuclear Medicine cited them- 
selves most frequently and Radiology next most frequently. 

Radiology and AJR received 64% and 63%, respectively, 
of their total citations from diagnostic radiology journals, and 
made 43% and 45%, respectively, of their total citations to 
diagnostic radiology journals. Of the total citations received 
by the Journal of Nuclear Medicine, 31% were in clinical 
nuclear radiology journals and 9% in other diagnostic radiol- 
ogy journals. Of the total citations made by the Journal of 
Nuclear Medicine, 23% were made to clinical nuclear radiol- 
ogy journals and 9% were made to other diagnostic radiology 
journals. Of the total citations received by Neuroradiology and 
AJNR, 43% and 67%, respectively, were from diagnostic 
radiology journals, and 35% and 13%, respectively, were 
from clinical neurology, neurosurgery, and psychiatry journals. 
Of the total citations made by Neuroradiology and AJNR, 46% 
and 40%, respectively, were made to diagnostic radiology 


. Surgery 38. Arch Neurol 

. Acta Radiol [Diagn] (Stockh) 39. Pediatrics 

. Am J Cardiol 40. Am J Med 

. Br Med J [Clin Res] 41. Urology 

. Ann Intern Med 42. Am Rev Respir Dis 
. Gastrointest Radiol 43. Clin Orthop 

. d Pediatr 44. J Thorac Cardiovasc Surg 
. Br J Surg 45. Phys Med Biol 

. Int d Radiat Oncol Biol Phys 46. Clin Nuci Med 

. Neurology 47. Stroke 

. Science 48. Surg Neurol 

. JCU 49. Med Phys 

. Semin Nucl Med 50. Semin Roentgenol 


journals, and 20% and 21%, respectively, were made to 
clinical neurology, neurosurgery, and psychiatry journals. 


Papers 


The numbers of papers from the American diagnostic ra- 
diology research community increased from 468 papers in 
two journals in 1960 to 2861 papers in 16 journals in 1984. 
At the same time, the number of researchers increased from 
510 in 1960 [6] to 3457 in 1984 [7]. The increase in papers 
lagged behind the increase in researchers (Fig. 1), resulting in 
a decline in the average number of papers per researcher per 
year (Table 5). Since 1975, the producitivity has been return- 
ing towards the 1965 level. 

The number of papers published yearly in AJR and Radiol- 
ogy combined increased from 368 in 1950 to 1148 in 1985 at 
a linear rate. The number of authors of papers increased from 
664 in 1950 to 5000 in 1985 at an exponential rate. The ratio 
of authors to papers, or the mean number of authors per 
paper, increased from 1.80 in 1950 to 4.36 in 1985 (Table 6). 
A clear trend towards papers with more than one author was 
evident in the declining percentage of papers with one or two 
authors and the rising percentage of papers with five or more 
authors (Table 7). In 1950, 75% of the papers had one or two 
authors, and 2% had five or more. In 1985, 19% had one or 
two authors, and 42% had five or more. 
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Fig. 1.—Increases in numbers of full-time American diagnostic radiology 
faculty and papers they publish. 


TABLE 5: Estimated Yearly Research Productivity of Full-Time 
American Academic Diagnostic Radiologists 





Academic Papers per 

Year Radiologists. PTS Radiologist 

1960 510 468 0.92 

1965 764 710 0.93 

1970 1288 955 0.74 

1975 2275 1294 0.57 

1980 3113 2118 0.68 

1984 3457 2861 0.83 
EET SLES LSPA GBI TST EEEE a IE I A ET STE ER RENE TEE 
TABLE 6: Growth of AJR and Radiology 
aes ae REL AT TET REIN IN OS I SE TN TE ET IE SL ELE SO PELE TOE 
___Year__ Papers Authors __—Authors/Papers 

1950 368 654 1.80 

1955 392 788 2.01 

1960 468 1008 2:15 

1965 632 1440 2.28 

1970 780 1944 2.49 

1975 840 2620 3.12 

1980 1068 3768 3.53 

1985 1148 5000 4.36 


Note.—Compbined data. 


Authors 


Over the 5-year period studied, the 130 researchers in 
diagnostic radiology in the study sample published 492 papers 
in diagnostic radiology journals, an average total of 3.8 papers 
per researcher over 5 years. The distribution of prolificacy 
was such that the top 5% published 21% of the papers, the 
top 15% published 52%, and the top 50% published 94% 
(Table 8). 

The three radiologists who were board certified before 1960 
published six papers (1% of the total number of papers), the 
17 certified in 1960-1969 published 53 (11%), the 18 certified 
in 1970-1974 published 110 (22%), the 31 certified in 1975- 
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1979 published 187 (38%), and the 20 certified in 1980-1984 
published 90 (18%). The 24 researchers without radiology or 
nuclear medicine affiliations published five papers (1%). The 
remaining 41 papers (8%) were written by the 17 researchers 
affiliated with departments of radiology or nuclear medicine 
who were not listed in the directory [4]. Of the 90 papers 
published by radiologists certified in 1980-1984, 23 were 
published in the years of or preceding board certification and 
were presumably written while the authors were in training. 
Thus, 5% of all papers were written by radiologists-in-training, 
and 86% were written by board-certified radiologists. 

Examination of the number of papers published in relation 
to the number of years the first author was past board 
certification showed that those radiologists 1 to 5 years past 
board certification during the study period published 158 
papers, those 6 to 10 years past board certification published 
190, those 11 to 15 years past board certification published 
49, and those 16 or more years past board certification 
published 24. 

The number of papers published annually varied consider- 
ably from year to year for most individuals. Only 11% of the 
authors published at least one paper in each of the 5 years 
of the period studied; only 3% published at least two papers 
in each year. For most researchers in most years, no papers 
were published. The most prolific researcher published eight 
papers as first author in 1 year. 


Discussion 


Journals 


The scientific literature of diagnostic radiology represents 
the accumulated knowledge and experience of 90 years of 
diagnostic medical imaging. It is a living and growing resource, 
a contemporanecus record that can be followed nearly a 
century into the past. The principal function of the scientific 
literature is to present new information, usually in the form of 
original scientific papers. Science grows exponentially. New 
data and ideas provide further opportunities for investigation, 
and successfully completed investigations result in papers. 
Publication of papers is an inherent feature of the scientific 
process, and consequently there is a continually growing need 
for suitable journals [8, 9]. Existing journals can increase their 
size, publish more frequently, divide into parts. and issue 
supplements. New journals are started when existing journals 
no longer fill the needs of growing numbers of contributors 
and more selective readers. In general, the newer journals 
are aimed at a specific audience and are narrower in scope, 
smaller, and issued less frequently than their established 
counterparts. The proliferation and growth of diagnostic ra- 
diology journals has followed the increase in the number of 
researchers in the specialty. The proliferation of new journals 
should moderate. the growth in the size of the diagnostic 
radiology research community has siowed, and existing jour- 
nals can accommodate more papers than they now publish. 

The sample of journals found during this survey represents 
only a fraction of the total world literature in diagnostic ra- 
diology. Libraries have limited space and money, conse- 
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TABLE 7: Distribution of Authorship in AJR and Radiology 





Year 

2 3 
1950 52 23 20 
1955 42 30 15 
1960 41 26 17 
1965 31 34 20 
1970 22 34 27 
1975 12 27 27 
1980 15 16 24 
1985 5 14 20 


Authors per Paper 
4 5 6-7 8+ 
3 2 0 0 
12 1 0 0 
11 3 2 0 
9 3 3 0 
11 5 2 0 
16 10 8 0 
20 13 10 3 
19 17 17 8 


Note.—Combined data. Distribution given as percentages. Rows do not all add up to precisely 100% because of rounding. 


TABLE 8: Prolificacy of 130 Diagnostic Radiology Researchers 
Over 5 Years (1980-1984) 





Number of | Total Number of Papers Published Percentile 
Researchers As First Author Rank 

39 0 15 
21 1 38 
12 2 51 

5 3 57 
11 4 63 

7 5 70 
10 6 77 

4 7 82 

3 8 85 

3 9 87 

1 10 89 

3 11 90 

3 13 93 

2 14 95 

1 15 96 

1 16 97 

2 17 98 

1 18 99 

1 21 99.6 


Note.-Percentages discussed in the text are not derivable directly from this table's 
data, because of differences due to rounding. 


quently, they select for their patrons the largest and most 
carefully edited journals. Many foreign journals, particularly 
those not published in English and those with irregular publi- 
cation schedules, would have relatively little interest for most 
American readers. The number of journals worldwide devoted 
to radiology is approximately 200 (Figley MM, personal com- 
munication). 


Citation Analysis 


Clinical diagnostic. radiology is relevant to nearly every 
aspect of clinical medicine. Not unexpectedly, citation analysis 
demonstrates that diagnostic radiology research is relevant 
to clinical research. The scientific literature of diagnostic ra- 
diology is used in the research papers of other clinical spe- 
cialties, and the literature of other clinical specialties is used 
in the research papers of diagnostic radiology. As a group, 
diagnostic radiology journals are cited by clinical journals 
proportionally more often than clinical journals are cited by 
diagnostic radiology journals. 


The observed concentration of the citations to and from 
the diagnostic radiology literature among a relatively small 
number of journals is in keeping with bibliometric principles 
[10]. 


Papers 


A research paper is not so much a parcel of truth and 
knowledge.as it is a record of scientific work [11]. One way 
to measure scientific work is to count papers. The present 
study shows that although the number of papers written by 
the American diagnostic radiology research community in- 
creased steadily between 1960: and 1975, it lagged behind 
the growth in the size of the research community (Fig. 1). 
This has resulted in apparent decreases in unit productivity. 
Since 1975, the productivity has begun to return to the 1960 
and 1965 levels. This lag may be due in part to the time 
required for new researchers to begin and complete research 
projects and shepherd them into publication. The most pro- 
ductive researchers are those who are 5 to 10 years beyond 
the completion of their training (as punctuated by board 
certification). This suggests that the aggregate productivity 
of the diagnostic radiology research community will approach 
the 1965 level, climb above it as a result of the demographic 
effect of a large cohort of researchers moving into their most 
productive years, and then decline as they pass their peak. 
Another relevant factor is that the modern scientific paper in 
diagnostic radiology has become much more carefully con- 
structed, reviewed, and edited than in earlier years [12], so 
that the unit of measurement has been changing. This may 
be counterbalanced by the greater sophistication of modern 
researchers and more powerful research tools now available. 

In diagnostic radiology, there are many more avenues for 
significant research than there are researchers. For example, 
the literature on CT is far from exhaustive in terms of the 
usual radiologic concerns: radiologic-anatomic-pathologic 
correlations; pitfalls in interpretation; technique and proce- 
dure; clinical indications; and usefulness and efficacy relative 
to alternative techniques. Nevertheless, many of the most 
prolific researchers have quit that research field to explore 
the same concerns in MR imaging. The amount of research 
that is accomplished is a function of the number of research- 
ers, not a characteristic of diagnostic radiology. 
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Authors 


A small proportion of highly prolific authors write most of 
the papers in diagnostic radiology. There are many more 
marginal and occasional researchers. This distribution of pro- 
lificacy is in agreement with the observation that, in general, 
the proportion of researchers in science with a particular 
number of publications over a unit of time decreases as the 
inverse square or cube of the number of publications [8-11]. 
This is related to the notion of cumulative advantage, in which 
the likelihood of publishing a paper is increased in relation to 
the number of previously published papers. Therefore, the 
most difficult step for a neophyte researcher is bringing the 
first paper to publication. The distribution of annual prolificacy 
and the small proportion of researchers publishing at least 
one paper each year as first author suggest that 1 year is too 
short an interval for assessing research performance in diag- 
nostic radiology. Furthermore, the time required for publica- 
tion, once a research project has been successfully completed 
and a manuscript submitted, typically ranges from 4 to 6 
months [12]. If a manuscript is submitted to more than one 
journal before acceptance, the interval from first submission 
to publication is much longer. The decline in prolificacy of 
researchers who are more than 10 years beyond the comple- 
tion of training may be related to changes in career orientation. 


Multiple-Author Papers 


The increasing complexity of diagnostic radiology may be, 
in part, responsible for the trend towards collaborative re- 
search and multiple-author papers. The complex case mate- 
rial most likely to form the basis for research is also most 
likely to involve many subspecialists whose cooperative re- 
search efforts will yield papers with many authors. Such a 
pattern can occur in teaching hospitals where there are many 
subspecialists and full-time academic faculty for whom there 
are considerable job-related incentives to publish and to pub- 
lish frequently. An illusion of exceptional productivity may 
result if a researcher is a coauthor of several papers. The 
difficulties in trying to evaluate the productivity of a researcher 
whose portfolio bulges with dozens of papers of which the 
researcher is one of many authors is familiar enough to be 
the subject of humor [13]; the problem is real and likely to 
worsen. In 1985, coauthors outnumbered first authors by a 
factor greater than 3 (Tabie 6). This does not necessarily 
imply that a researcher who has made a substantive contri- 
bution to a project and the paper that reports it should not 
receive the credit of coauthorship or that such coauthorship 
is without value. However, a researcher’s coauthorships rep- 
resent a contribution to the literature as a whole primarily in 
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the sense that the researcher's participation enhanced the 
prolificacy of the first author. The notion that more authors 
per paper produce better papers is untested. In evaluating 
the productivity of a researcher, there is a case for considering 
only the hard currency of first authorship. The number of first 
authors is limited by the number of papers, but the number 
of coauthors is limited only by the tolerance of the editor and 
the integrity of the authors themselves. This has permitted an 
exponential increase in authors with only a linear increase in 
papers. 
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Memorial 





Howard Alan Wexler, 1940-1986 





Howard Alan Wexler died on January 31, 
1986, having lost a valiant struggle against 
carcinoma of the colon. 

Dr. Wexler was born September 9, 1940, 


in Mt. Kisco, N.Y. He was raised in Brooklyn 
and received his undergraduate education at 
Antioch College in Yellow Springs, OH, and 
at the University of Besancon in France. He 
graduated AOA from the University of Roch- 
ester School of Medicine in 1967. After an 
internal medicine internship in Boston City 
Hospital, he commenced residency training 
in radiology at the University of Miami/Jack- 
son Memorial Medical Center, where he 
served in the capacity of Chief Resident dur- 
ing his final year of training, which was fol- 
lowed by fellowship training in pediatric ra- 
diology at the same institution. 

On completion of his training, he joined the 
faculty of the University of Miami School of 
Medicine, where he served for 3 years as 
Assistant Professor of Radiology and Pedi- 
atrics. 

Dr. Wexler was a brilliant, dynamic, enthu- 
Siastic, and energetic young academic ra- 
diologist who, in 3 short years, amassed a 
curriculum vitae that included 10 publications 
in peer-reviewed journals, a textbook on pe- 


diatric radiology, and 24 papers at local and 
national meetings; he also chaired two post- 
graduate seminars in pediatric radiology. 

He left the University of Miami in 1977 to 
join Radiology Associates, P.A., in Fort Lau- 
derdale, FL, where he brought to the private 
practice of radiology the same brilliance, dy- 
namism, enthusiasm, and energy that had 
characterized his academic career. 

Dr. Wexler was also a deeply religious 
man, totally dedicated to his family around 
whom his universe was centered. He shared 
with his family a devotion to animals, and his 
home was haven to many horses, dogs, and 
cats. 

Dr. Wexler will be deeply missed by all his 
friends and colleagues, and our heartfelt 
sympathies go out to his beloved wife Pam, 
his devoted sons Nguyen and Seth, and his 
lovely daughter Muffy. 

Catherine A. Poole 

Gaston Mendez, Jr. 

University of Miami School of Medicine 
Miami, FL 33101 
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The Fibromatoses: 
CT-Pathologic Correlation 





Although CT has been used in the evaluation of benign fibroblastic tumors (fibroma- 
toses), data are lacking on radiologic-histopathologic correlation. In an attempt to explain 
the variable CT appearance of these lesions, a retrospective analysis was carried out 
of CT findings and histopathologic features in nine patients with fibromatoses. In three 
of four patients who had precontrast CT scans, the tumors were hyperdense relative to 
muscle, whereas in one patient the lesion was hypodense. The postenhancement 
appearance was variable. The pathologic specimens were analyzed and graded for (1) 
collagen content, (2) cellular content, (3) tumor necrosis, and (4) tumor vascularity. No 
consistent relationship could be established between the CT appearance of these 
lesions and their histologic appearance. 


The fibromatoses constitute a group of benign fibroblastic soft-tissue tumors 
with a tendency for local invasion and recurrence. CT evaluation of these lesions 
provides fairly reliable information regarding anatomic relationships and tumor 
extent [1-7]. The CT findings have been recently reported [8, 9]; however, there 
is a lack of data correlating the varying CT features of these lesions with their 
histopathologic characteristics. The CT findings in nine patients (eight with extraab- 
dominal and one with intraabdominal [mesenteric] lesions) were retrospectively 
analyzed and correlated with histopathologic data. These results form the basis of 
this report. 


Materials and Methods 


The CT findings in nine patients with fibromatoses in whom CT was performed between 
July 1980 and December 1985 were analyzed retrospectively. Eight of the nine patients were 
women and had extraabdominal lesions; the other was a man with Gardner's syndrome who 
had a large intraabdominal mesenteric lesion. In four of the patients, scans were obtained at 
the initial presentation of the lesions; in the other five patients, the scans were obtained to 
evaluate recurrent masses. The patients were 18-43 years old. 

Seven patients were scanned on a GE 8800 or 9800 CT/T scanner. The other two were 
scanned on an EMI 5005 and a Technicare scanner, respectively. Contiguous 10- or 15-mm- 
thick sections were used in all cases. Noncontrast scans were obtained in two patients. In 
two other patients, both noncontrast and contrast-enhanced studies were performed, but in 
the other five patients, scans were acquired only after contrast enhancement. The contrast- 
enhanced scans were obtained after a bolus of 50-75 ml of meglumine iothalamate 60% 
(Conray 60) followed by rapid infusion of meglumine iothalamate 30% (Conray 30). From the 
CT images, the lesions were classified as hypodense, isodense, or hyperdense, with normal 
muscle as the standard for comparison. After surgical resection, the lesions were histopath- 
ologically analyzed and graded on the basis of their histology for (1) cellular content, (2) 
collagen content, (3) tumor necrosis, and (4) tumor vascularity by two of the authors 
independently, neither had prior knowledge of the radiologic findings. To avoid bias in analytic 
sampling and to obtain as true a representation of the entire lesion as possible, at least three 
areas of the specimen were histologically analyzed, and histologic features were graded on 
a 0-3 quantitative scale (0 = feature absent, 1 = feature present to small degree, 2 = feature 
present in moderate degree, 3 = feature prominent in specimen). 
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Fig. 1.—Unenhanced CT scan through pelvis. 
Oval hyperdense mass between gluteal muscles 
on right (arrows). 

(H and E x 188) 
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Fig. 3.—A, Unenhanced CT scan through left distal femur. Hyperdense mass (arrows). 


B, After contrast infusion. Only minimal enhancement (arrows). 


Results 


Of the nine patients with fibromatoses, the eight women all 
had extraabdominal tumors and the one man had Gardner's 
syndrome with a large intraabdominal lesion. Ages of the 
patients were 18-43 years and the sizes of the lesions were 
5-20 cm. 


CT Findings 


In three of four patients who had noncontrast scans, the 
lesions were hyperdense relative to skeletal muscle (Fig. 1), 
but in the last patient the lesion was hypodense (Fig. 2A). In 


Fig. 2.—A, Unenhanced CT scan through pelvis. Low-density mass involves right gluteal region 
(white arrows). Pressure erosion involves right ilium (black arrow). 
B, Abundant dense collagen between slender fibroblasts characterizes this hypocellular lesion. 





Fig. 4.—Large mass (arrows) that grew from 
cervical region into apex of left lung has mixed 
attenuation characteristics. 


the two patients imaged with both noncontrast and contrast- 
enhanced scans, the lesions showed only minimal contrast 
enhancement (Fig. 3). In four patients imaged only after 
contrast enhancement, two had lesions with mixed attenua- 
tion characteristics, containing both hyperdense and hypo- 
dense areas (Fig. 4), and the other three had uniformly hy- 
perdense lesions (Fig. 5A). 


Histopathologic Analysis 


Microscopic examination showed all tumors to be com- 
posed of slender, elongated cells with wavy nuclei surrounded 
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Fig. 5.—A, Postenhancement CT scan through 
pelvis of patient with prior hemipelvectomy for 
recurrent aggressive fibromatosis. Diffusely hy- 
perdense lesion anterior to bladder (arrows). 

B, Elongated fibroblasts with ovoid nuclei form 
interlacing bundles with small amounts of collagen 
separating individual cells in this moderately cel- 
lular lesion. (H and E x 188) 


by dense, collagenized matrix. The cellularity and the amount 
of collagen varied from lesion to lesion and within the same 
tumor. The tumors were either cellular with little collagen 
around the proliferating fibroblasts (Fig. 5B), moderately cel- 
lular, or hypocellular. The cells consisted of spindle-shaped 
fibroblasts widely separated by abundant collagenous stroma 
(Fig. 2B). Generally, the most cellular areas were present in 
the center of the lesion, whereas the periphery had less 
numerous fibroblasts and greater amounts of dense collagen. 
No significant variation in degree of vascularity was found, 
and no areas of tumor necrosis were seen in resected speci- 
mens from any of the nine patients. 


Radiologic-Pathologic Correlation 


Review of CT and histologic data showed no clear-cut 
correlation between the CT appearance of these tumors and 
their histologic features. Hence, tumors with identical histo- 
logic grades had varying CT appearances, and three tumors 
with the lowest collagen content had the highest attenuation 
values (Fig. 5A). 


Discussion 


The fibromatoses are a broad group of tumors character- 
ized by benign fibrous tissue proliferation. Typically, their 
biologic behavior is intermediate between benign fibromas 
and fibrosarcomas [10, 11]. Fibromatoses often have an 
infiltrative growth pattern with a tendency toward local recur- 
rence after surgical resection, but unlike fibrosarcomas, they 
do not metastasize. Histologically, the lesion consists of well- 
differentiated collagen and fibrous tissue, forming nonencap- 
sulated, poorly circumscribed masses. 

The CT appearance of fibromatoses in childhood was re- 
ported recently by Campbell et al. [8], and in all three cases, 
the lesions were hypodense on postcontrast scans. More 
recently, Hudson et al. [9] reported the CT and angiographic 
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appearance of fibromatoses in 13 cases. They concluded that 
the tumors were usually better demonstrated after contrast 
infusion and that no relationship could be established between 
the vascularity of the tumors and their histologic features. 

In our study, the tumors demonstrated varying appear- 
ances on CT and in this respect differed with the findings in 
the two studies cited above. In particular, three tumors were 
well demonstrated on precontrast scans and two showed 
only minimal enhancement after a bolus of iodinated IV con- 
trast material. This latter observation was dissimilar to that 
reported by Hudson et al. [9]. 

Current concepts of CT tissue characterization suggest 
that fibrous tissue and collagen probably have high attenua- 
tion values, as was hypothesized by Kumar et al. [12] in their 
analysis of extracranial nerve sheath tumors. This view was 
not supported by our findings, as tumors with similar histo- 
logic grading had varying appearances and, conversely, three 
tumors with the highest attenuation values had the smallest 
amounts of collagen. 

Although we found no significant correlation between the 
CT appearance of the fibromatoses and their histologic fea- 
tures, Our study is limited in two aspects. First, the fibroma- 
toses are a heterogeneous group of tumors with varying 
histologic features, and the character of the tissue within a 
lesion may vary. Second, in view of the small number of cases 
and the limited number of biopsy samples analyzed, actual 
histologic differences between these lesions may not have 
been detected. To fully understand the basis for the varying 
CT appearance of these tumors, further studies are required. 
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CT of Fibrous Tissues and 
Tumors with Sonographic 
Correlation 





Fibrous tissues and tumors may appear hyperdense relative to muscles and solid 
viscera on CT both before and after IV contrast injection. In addition, fibrous tissues 
generally have a homogeneously hypoechoic sonographic appearance. The diagnostic 
value of these criteria is illustrated in a group of 21 fibrous tissue abnormalities that 
includes retroperitoneal, mediastinal, and perigraft fibrosis, sclerosing pseudotumor of 
the orbit, generalized fibromatosis, desmoids, malignant fibrous histiocytoma, and 
normal tendons and ligaments. It is concluded that while hyperdensity on CT and 
echopenia on sonography are not pathognomonic of fibrous tissue, they occur with 
sufficient frequency that their presence raises the possibility of a fibrous lesion. 


Several disorders are characterized by an abnormal proliferation of fibrous tissue 
in various parts of the body, including retroperitoneal, mediastinal, perianeurysmal, 
and perigraft fibrosis, sclerosing pseudotumor of the orbit, generalized fibromatosis, 
and desmoid tumors. The CT, sonographic, and conventional radiographic appear- 
ances of these disorders have been treated separately in many published reports 
[1-34]. We review our experience, accumulated over the past 9 years, studying 
fibrous tissues and tumors. We emphasize the CT and sonographic appearances 
that are common to many of these disorders and that are also shared by such 
normal fibrous tissues as fascia, tendons, and ligaments. The CT findings in 
tumefactive pancreatic retroperitoneal fibrosis and in idiopathic mediastinal fibrosis 
are illustrated. We also discuss perivascular inflammatory lesions and desmoplasia 
(fibrous tissue formation) induced by metastases, both of which may mimic primary 
fibrous disorders on CT and sonography. 


Materials and Methods 


The CT scans of 21 patients with surgically verified fibrous lesions were reviewed. These 
included seven cases of retroperitoneal fibrosis (Figs. 1A-C and 2A-B) associated with a 
fibrous pancreatic mass (Figs. 2A and B) and pleural fibrosis in one case and with mediastinal 
fibrosis in another (Fig. 3). Thus, among these seven patients, there were 10 fibrous lesions, 
eight of which were verified surgically. For the remaining two lesions, the mediastinal and 
pleural fibrosis was not directly confirmed at surgery, but was considered likely in view of the 
concurrent biopsy-proven retroperitoneal fibrosis and the 3-5 year follow-up obtained for 
both patients. In six of the patients with retroperitoneal fibrosis, there were plaquelike lesions 
along the aorta, vena cava, and iliac vessels (Figs. 1A-C and 2A-B). In one case with 
ulcerative colitis, not illustrated here, the fibrosis involved mainly the pancreatic head and 
body. Among the remaining 14 patients, there were 15 other fibrous lesions. These included 
one sclerosing pseudotumor of the orbit, two cases of perianeurysmal fibrosis, two cases of 
perigraft fibrosis (Fig. 4), one case of congenital generalized fibromatosis with two recurrent 
lesions (Fig. 5), three desmoid tumors (in the chest wall, abdominal wall [Fig. 6], and 
mesentery), one malignant fibrous histiocytoma (Fig. 7), one retroperitoneal fibrosarcoma, 
one ovarian fibroma, one case of pelvic fibrolipomatosis, and one fibrous mesothelioma of 
the pleura. The diagnosis for one of the fibromatosis lesions [Fig. 5] was not directly confirmed 


1068 


wt a i ps 
` 3 WR Le x 
suk 3 RA 

A r : 





Fig. 1.—Retroperitoneal fibrosis. 

A, CT before injection shows soft-tissue plaque (/arge white arrows) 
anterior to aorta (ao) and vena cava (vc). Peripheral, anterior portion 
(arrowheads) of plaque is denser than central portion (small black arrows) 
and hyperdense relative to caval lumen (vc) and psoas muscles (ps). ur = 
ureter. 

B, Contrast-enhanced CT at approximate level of A obtained during an 
IV contrast drip of a 14 g/dl iodine solution. Soft-tissue plaque (arrows) 
has been enhanced by nearly 15% of its precontrast CT numbers, com- 
pared with a 68% enhancement of the aorta (ao) and a 1% enhancement 
of the psoas muscle (ps). Fibrotic plaque is now isodense with vena cava 
(vc). ur = ureter. Retroperitoneal fibrosis was confirmed at surgery. 





at surgery but appeared almost certain, as it occurred near a biopsy- 
proven fibroma in a patient with multiple postsurgical recurrences. In 
all, 25 fibrous lesions in 21 patients were studied. 

We also reviewed nine surgically proven malignant lesions that 
were not primary fibrous tumors, yet resembled fibrous tissues on 
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C, Contrast-enhanced CT in another patient with proven retroperitoneal 
fibrosis. Scan was obtained 15 min after bolus injection of a solution 
containing 37 g of iodine. Anterior portion (arrowheads) of fibrotic plaque 
(arrows) has been enhanced more than aortic lumen (ao) and was also 
denser than aortic lumen on precontrast CT (not shown here). Extravasated 
contrast within a perinephric urinoma (curved arrows). ur = ureter. 

D, Transverse sonogram at approximate level of C. Fibrotic tissue 
(arrows) is relatively hypoechoic. ao = aorta. 

E, Microscopic section from lesion illustrated in C and D. Abundant 
capillaries (arrows) are interspersed with fibrous tissue (arrowheads). 
Chronic inflammatory cellular infiltrate (curved arrows). 


Fig. 2.—Tumefactive retroperitoneal fibrosis. 

A, Precontrast CT shows mass (/arge arrows) 
in pancreatic tail that is isodense with enlarged 
spleen (sp). There is hyperdense tissue along 
the diaphragmatic crura (small arrows). ao = 
aorta. Right renal pelvis (rp) is dilated. 

B, Contrast-enhanced CT at approximate level 
of A, obtained 10 min after a bolus of IV contrast 
media (37 g of iodine). Pancreatic tail mass 
(straight arrows) has been enhanced to nearly 
same degree as kidneys (rk, Ik). Tissue along 
left diaphragmatic crus (curved arrow) also ap- 
pears bright. ao = aorta; rp = right renal pelvis. 
Metastatic islet cell tumor of pancreas was di- 
agnosed on CT, but retroperitoneal fibrosis in- 
volving pancreas and extending along aorta and 
iliac vessels was found at surgery. Mass was 
hypoechoic on sonography (not shown here), 
with a weak far wall, because of attenuation of 
sound beam. Three-year clinical follow-up ex- 
cluded an underlying malignancy. 


CT examination. These included four cases of lymphoma and five 
cases of desmoplastic metastases arising from primary malignancies 
in the breast, pancreas, and urothelium (Fig. 8). Four of these lesions 
were described as markedly desmoplastic at surgery. 

Ten of the lesions were imaged with an 18-sec scanner (EMI), with 
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Fig. 3.—Mediastinal fibrosis. 
A, Precontrast CT of same patient illustrated 
e in 1A and 1B. Soft-tissue lesion (arrows) around 

distal ascending aorta (ao) has an average CT 
number of 56 H, compared with 46 H for the 
ascending aorta and 29 H for erector spinae 
muscles (not shown here). 

B, Contrast-enhanced CT at approximate level 
of A obained during drip infusion of a 14 g/dl 
iodine solution. Mediastinal lesion (arrows) has 
been enhanced by 41% of its precontrast CT 
number, compared with a 170% enhancement 
for the ascending aorta (ao). svc = superior vena 
cava. 


p- 

Fig. 4.—Perigraft fibrosis. 

A, Precontrast CT. Soft-tissue plaque (long arrows) with hyperdense foci (short arrow) surrounds 
right aorticofemoral bypass graft (arrowhead). ssi = sacrospinous ligament. 

B, Contrast-enhanced CT at approximate level of A obtained during drip infusion of a 14 g/dl iodine 
solution. Plaque (arrows) surrounding graft (arrowhead) has been enhanced by more than 250% of its 
precontrast attenuation values. Peripherally, it contains foci that appear brighter than the graft lumen. 
Perigraft fibrosis was verified at surgery. ssl = sacrospinous ligament. 

“d 


Fig. 6.—Abdominal wall desmoid. 

A, Contrast-enhanced CT shows a midline 
mass (arrows), which occurred in a surgical scar 
after removal of a pelvic leiomyosarcoma. Mass 
enhanced markedly relative to its appearance 
on precontrast CT scan (not shown here) and 
appears nearly as bright as external iliac vessels 
(eivs). rab = rectus abdominis muscle. 

B, Transverse sonogram at level of A. Midline 
mass (arrows) is echo free but solid, with a 
poorly delineated far wall (arrowhead) due to 
attenuation of the sound beam. Fibrous tissue 
proliferation, rather than the clinically suspected 
recurrent leiomyosarcoma, was diagnosed on 
the basis of the CT and sonographic appear- 
ances. An abdominal wall desmoid was found at 
surgery. rab = rectus abdominis muscle. 


A 


13-mm collimation. The remaining 15 lesions were evaluated with G. 
E. 8800 or 9800 equipment, with 10-mm collimation and scan times 
of 10 sec or 2-3 sec, respectively. Consecutive CT sections through 
the abdomen or chest were obtained in deep inspiration, with the 
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Fig. 5.—Congenital generalized fibromatosis. 
Contrast-enhanced CT, obtained during drip in- 
fusion of a 14 g/dl iodine solution, shows intra- 
pelvic (large arrows) and subcutaneous (arrow- 
heads) hyperdense masses. Peripheral portion 
(small arrows) of intrapelvic mass is denser than 
more central portion. Left round ligament (irl) is 
thickened and hyperdense. Pelvic lesion was 
proven to be a fibroma at surgery. Patient had 
multiple, recurring, and invasive fibromas of the 
lower extremities and pelvis. 





patient supine, at intervals of 10-15 mm. Oral and IV contrast media 
were administered routinely, unless contraindicated. IV contrast ma- 
terial (meglumine diatrizoate) was administered either as a bolus 
injection containing 37 g of iodine, or as a drip infusion of 42 g of 
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iodine, after a bolus of 15 g of iodine. Occasionally, rapid-sequence 
dynamic scans were performed after a bolus of 15 g of iodine. IV 
glucagon (1 ml) was administered for studies obtained with the 10- 
sec and 13-sec scanners. 

Precontrast CT scans were available for 14 of the 25 primary 
fibrous lesions, and for three of the nine malignant tumors. Postcon- 
trast CT scans were available for 24 of the 25 fibrous lesions and for 
all nine malignant tumors. On all CT scans, the attenuation of the 
lesions was compared with surrounding soft tissues by visual exam- 
ination of the images, which were photographed at three different 
window widths and levels. Whenever possible, comparative CT num- 
bers were also obtained. 

Sonograms were available for 12 of the 25 fibrous lesions. The 
studies were performed initially with articulated-arm scanners con- 
nected to analog scan converters (Picker, G. E.), (Figs. 1D and 6B), 
and subsequently with real-time equipment (Diasonics). The highest 
frequency transducers that also allowed adequate penetration were 
used (2.5-10 MHz). 

In addition, the CT appearances of some normally hyperdense 
fibrous tissues were assessed in a series of 50 consecutive scans, 
obtained with G. E. 8800 or 9800 equipment. These included the 
sacrospinous and sacrotuberous ligaments (Fig. 4), the thickened 
iliac fascia between the psoas and iliacus muscles (Fig. 9A), the 
hamstring tendons (Fig. 9B), and the thoracolumbar fascia (Fig. 8A). 
The 30 males and 20 females in this series ranged in age from 7 to 
83 years. IV contrast media were administered in 45 of the 50 cases. 
Precontrast and postcontrast studies were available in one patient. 

Finally, histologic slides from eight primary fibrous lesions and five 


RUBENSTEIN ET AL. 


AJR:147, November 1986 


Fig. 7.—Malignant fibrous histiocytoma. 

A, Precontrast CT shows a smoothly outlined, 
lobulated mass (arrows) that is slightly more 
radiolucent than the adjacent erector spinae 
muscles (esm). 

B, Contrast-enhanced CT at approximate level 
of A. Marked enhancement of mass (arrows), 
which is now nearly as radiodense as left kidney 
(Ik). Mass was hypoechoic on sonography (not 
shown here), with a weak far wall due to atten- 
uation of the sound beam. A desmoid was sus- 
pected at gross examination, but microscopy 
revealed a malignant fibrous histiocytoma. 


Fig. 8.—Malignant retroperitoneal fibrosis. 

A, Precontrast CT shows an irregularly out- 
lined hyperdense left paraaortic mass (white 
arrows). Posterior renal fascia (arrowhead) is 
thickened. A relatively lucent structure (black 
Straight arrow) is visible behind vena cava (vc). 
ao = aorta; ps = psoas muscle. Curved arrow 
indicates thoracolumbar fascia. 

B, Contrast-enhanced CT at approximate level 
of A, obtained during drip infusion of a 14 g/dl 
iodine solution, shows a 67% increase in aver- 
age CT number of left paraaortic mass (white 
arrows), most marked peripherally. This com- 
pares with an 84% enhancement for the aortic 
lumen (ao). Thickened left renal fascia (arrow- 
heads) and retrocaval mass (black arrow) were 
also enhanced significantly. vc = vena cava. 
Gross and microscopic pathology demonstrated 
intense desmoplastic response to a recurrent 
transitional cell carcinoma of left kidney. Fibrous 
tissue had a rich network of capillaries. 


malignancies were reviewed. These included four cases of retroperi- 
toneal fibrosis (Fig. 1E), two cases of perianeurysmal fibrosis, one 
abdominal-wall desmoid, one congenital fibroma, two cases of lym- 
phoma, two metastases from urothelial carcinoma, and one meta- 
static carcinoma of the pancreas. 


Results 
Primary Fibrous Lesions 


On preconstrast CT scans, nine (64%) of the 14 lesions 
were either uniformly or focally denser, that is, hyperdense 
relative to adjacent soft tissues. These included five of seven 
with retroperitoneal fibrosis, one mediastinal fibrosis, one 
perigraft fibrosis, one orbital pseudotumor, and one of two 
desmoid tumors. Some lesions were diffusely hyperdense 
(Fig. 3A), while others appeared heterogeneous with dense 
foci that tended to occur peripherally (Figs. 1A and 4A). One 
fibrosarcoma appeared isodense with adjacent tissues on 
precontrast scans, while a malignant fibrous histiocytoma 
appeared slightly hypodense (Fig. 7A). 

On postcontrast CT scans, 20 (83%) of 24 lesions were 
clearly hyperdense relative to adjacent soft tissues (Figs. 1C, 
2B, 4B, 5, 6A, and 7B), or showed a marked enhancement 
when the postcontrast and precontrast CT scans were com- 
pared (Figs. 1B and 3B). These included six of eight with 
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Fig. 9.—Hyperdense fascia and tendons. 

A, Iliac fascia. Precontrast CT shows hyper- 
dense structure (arrows) between psoas (ps) 
and iliacus (ilm) muscles that retains its relative 
hyperdensity on contrast-enhanced scans and 
represents thickened iliac fascia, not a blood 
vessel. eivs = external iliac vessels. 

B, Hamstring tendons. Tendons of biceps 
femoris, semitendinosus, and semimembranous 
muscles appear as confluent hyperdense struc- 
tures (straight arrows) attached to ischial tub- 
erosities (arrowheads). gmx = Gluteus maximus 
muscle. Pudendal canals (curved arrows), which 
contain pudendal vessels, are also hyperdense. 


retroperitoneal fibrosis, one mediastinal fibrosis, one pleural 
fibrosis, and four cases of perigraft or perianeurysmal fibrosis, 
one orbital pseudotumor, two congenital fibromas, two des- 
moid tumors, one malignant fibrous histiocytoma, one fibro- 
sarcoma, and one fibrous mesothelioma of the pleura. The 
marked enhancement was observed even for masses that 
were not hyperdense on precontrast scans (Figs. 2A, 2B, 7A, 
and 7B). Lesions with peripheral foci of hyperdensity on 
precontrast scans tended to appear more homogeneously 
hyperdense on postcontrast studies (Figs. 1A, 1B, 4A, and 
4B), although there was still some peripheral postcontrast 
hyperdensity (Fig. 5). One case of pelvic fibrolipomatosis and 
one ovarian fibroma appeared unenhanced on postcontrast 
scans. One desmoid tumor was not imaged with contrast- 
enhanced CT. 

Review of the histologic slides from seven of the eight 
primary fibrous lesions showed abundant capillaries between 
the fibrocollagenous tissues. At times more blood vessels 
were seen than was suspected on initial examination. This 
vascularity was most marked for retroperitoneal and perigraft 
fibrosis (Fig. 1E), but was not thought to be characteristic of 
these entities only. Rather, the finding was considered to be 
typical of any fibrous or scar tissue in the acute or subacute 
stages of formation. The histologic slides from a pelvic con- 
genital fibroma (Fig. 5) showed exuberant fibrous tissue with- 
out abundant vasculature. 

The sonographic appearance of the fibrous lesions was 
consistent with their relatively homogeneous gross and mi- 
croscopic appearances. In all, 11 (92%) of the 12 fibrous 
lesions were either echo free or hypoechoic on sonography 
(Figs. 1D and 6B). The single exception was a necrotic 
fibrosarcoma that had echogenicity comparable to renal cor- 
tex. 

The diagnosis of a fibrotic process was suggested preop- 
eratively in some cases on the basis of the CT and sono- 
graphic findings (Figs. 1, 3, 4, 6, 7). However, it was not 
possible to reliably differentiate benign from malignant fibrous 
lesions (compare Figs. 6 and 7). In one case of perigraft 
fibrosis, we were unable to distinguish the fibrotic plaque from 
an associated purulent exudate that also extended along the 
graft at surgery. 
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Malignancies with Desmoplastic Reaction 


Among the nine malignancies that were not primary fibrous 
tumors, two of three (a breast metastasis and a urothelial 
metastasis) had a hyperdense precontrast CT appearance 
(Fig. 8A), while all nine appeared hyperdense on postcontrast 
scans (Fig. 8B). The masses in these cases tended to be 
focal and rounded, but were occasionally plaquelike (Fig. 8). 
Like the primary fibrous lesions, they were enhanced with 
contrast media, but not to the same extent as adjacent 
vessels (Figs. 8A and 8B). There was also a tendency for 
peripheral hyperdensity of some metastases (Fig. 8B). Four 
of the malignancies—a lymphoma, a pancreatic metastasis, 
and metastases from two urothelial tumors—were described 
as markedly desmoplastic and vascular at surgery. However, 
review of the biopsy specimens showed marked vascularity 
on microscopy in only one of four lesions. 


Normal Fascia, Tendons, and Ligaments 


Among the CT scans of 50 consecutive patients for which 
the appearance of some normal fibrous tissues were evalu- 
ated, the posterior portion of the thoracolumbar fascia near 
the midline was hyperdense in 49 (98%) (Fig. 8A), the iliac 
fascia between the psoas and iliacus muscles was hyper- 
dense in 40 (80%) (Fig. 9A), the hamstring tendons were 
hyperdense in 43 (86%) (Fig. 9B), and the sacrospinous or 
sacrotuberous ligaments were hyperdense in 40 (80%) (Figs. 
4A and 4B). The hyperdensity of these structures was a 
consistent finding on both precontrast and postcontrast 
scans, and therefore was not attributable solely to IV contrast 
enhancement. These same normal structures appeared hy- 
perdense on the CT scans of the three cadavers that were 
Studied. 


Discussion 


Most of the fibrous tissues in this study were hyperdense 
relative to adjacent soft tissues on CT and hypoechoic on 
sonography. Thus, on postcontrast CT, 83% of the histolog- 
ically verified fibrous lesions appeared hyperdense or signifi- 
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cantly. enhanced. On precontrast CT, 64% of the lesions were 
either uniformly or focally hyperdense. More than 90% of the 
lesions studied appeared hypoechoic sonographically. 
Clearly, these findings are not true of every primary fibrous 
lesion. Neither is CT hyperdensity universal for all normal 
fibrous tissues; it was observed in 80-98% of only portions 
of the fascia, tendons, and ligaments that we studied. Fur- 
thermore, some malignancies, especially those with associ- 
ated desmoplasia, share the CT appearances of fibrous tis- 
sues. Nevertheless, these CT and/or sonographic findings 
occur often enough to be useful indicators for the presence 
of fibrous tissue. There were 18 primary fibrous lesions that 
were imaged with at least two of the following methods: 
precontrast CT, postcontrast CT, and sonography. Of these, 
15 (83%) met at least two of the following criteria: hyperdense 
on precontrast CT, hyperdense on postcontrast CT, and echo 
free or hypoechoic on sonography. 

The causes for the CT hyperdensity of the primary fibrous 
lesions in this study are not known. We propose two hy- 
potheses to explain the CT appearance of most of these 
lesions. 

Hypothesis A: The precontrast CT hyperdensity may re- 
flect, in part, the high physical density of the collagen within 
these tissues. Attenuation is a function of both photoelectric 
and Compton interactions [35]. The photoelectric effect is 
related to the atomic number and is therefore increased for 
such elements as iodine, iron, and calcium. Compton scatter- 
ing reflects the electron volume density, which is directly 
proportion to the physical density, that is, mass divided by 
volume [35]. Since no calcium was present in the pathologi- 
cally proven fibrous lesions in this study, their elevated pre- 
contrast CT numbers may have been due to the relatively 
high physical density of collagen. Presumably, the variability 
in their precontrast CT numbers may reflect differences in 
collagen content. 

Hypothesis B: The postcontrast CT hyperdensity of the 
fibrous lesions may be due in part to their abundant capillary 
network (Fig. 1E). This hypothesis is supported by our obser- 
vation of a rich capillary network, on review of the histologic 
slides from seven of eight primary fibrous lesions. Contrast 
enhancement has been observed in retroperitoneal fibrosis 
during angiography [3, 36], although it is much easier to 
detect with CT scanning [1, 3]. Contrast enhancement has 
also been used in the CT differentiation of postoperative 
fibrous scars from recurrent intervertebral disk herniation [37- 
41]. Peripheral CT hyperdensity (Figs. 1B and 6A) has been 
reported previously in retroperitoneal fibrosis [3]. It may be 
due to differences in the maturation of the fibrous tissues 
within the lesion. Histochemical evidence has been presented 
for centrifugal spread of the fibrotic process in retroperitoneal 
fibrosis [42]. Thus, reduced postcontrast CT density in the 
center of the lesion may reflect the presence of mature fibrous 
tissue with a paucity of capillaries, whereas peripheral hyper- 
density may be due to the more active, vascularized tissue at 
the advancing edge of the fibrosis [3]. 

Some fibrous lesions, such as ovarian fibromas and pleo- 
morphic fibrosarcomas, contain fibroblasts on microscopic 
examination, but have relatively little collagen or few blood 


RUBENSTEIN ET AL. 


AJR:147, November 1986 


vessels within them [43]. According to hypotheses A and B 
above, these masses may not appear hyperdense on either 
precontrast or postcontrast CT scans. Indeed, neither the 
ovarian fibroma nor the necrotic fibrosarcoma appeared hy- 
perdense on CT in our series. Clearly, however, these hy- 
potheses do not explain the CT appearances of all the lesions 
in this study. In particular, relative abundance of collagen on 
histologic studies did not correlate consistently with hyper- 
density on precontrast CT scans (Figs. 2A, 2B, 7A, and 7B). 
For example, the malignant fibrous histiocytoma was not 
hyperdense on the precontrast scan, despite its predomi- 
nantly fibrotic internal structure (Fig. 7A). it was, however, 
enhanced markedly and uniformly with IV contrast media (Fig. 
7B), mimicking a benign desmoid. A hyperdense CT appear- 
ance for malignant fibrous histioicytoma has not been de- 
scribed previously [44, 45]. 

Tumors that trigger a dense desmoplastic reaction, such 
as lymphomas and some metastatic carcinomas [3, 6, 46~ 
54], may owe their CT hyperdensity to increased fibrous- 
tissue content (Figs. 8A and 8B). Differentiation of desmo- 
plastic malignancies from primary fibrous lesions may there- 
fore depend on morphology, rather than on CT attenuation 
alone [1, 6, 16, 17]. Tumors are usually more bulky and tend 
to displace adjacent vessels [5, 55] or invade bone. However, 
mass effect may also be seen with benign tumefactive retro- 
peritoneal fibrosis [1] (Fig. 2) and in sclerosing pseudoturnor 
of the orbit [56]. Definitive diagnosis, therefore, requires his- 
tologic examination and at times, subsequent clinical follow- 
up. 

The CT hyperdensity of some of the normal fibrous tissues 
illustrated here may be due to their increased collagen content 
(Figs. 9A and 9B). Characteristically, collagen accounts for up 
to 30% of the wet weight of some tendons [57-59]. Internal 
vasculature is typically sparse within these tissues [60]. Since 
no histologic studies were made here, diffuse calcification in 
some of these tissues cannot be completely excluded. How- 
ever, hyperdense fascia, ligaments, and tendons were ob- 
served on the CT scans of three children in our series, aged 
7 to 9 years, where little or no calcification can be expected. 
Of interest, the fibrous tissue between the psoas and iliacus 
muscles was first thought to be a tendinous structure, but is 
well above the expected location of the psoas major tendon 
[60]. It corresponds in location to the iliac fascia, which is 
thickened at this level [60]. 

In conclusion, fibrous lesions should be added to the differ- 
ential diagnostic list of masses that are hyperdense on post- 
contrast CT scans. This also includes vascular neoplastic and 
inflammatory masses, malignancies with desmoplastic reac- 
tion, acute hematomas, fluid collections with extravasated 
contrast media, and diffusely calcified masses. Extravasated 
contrast media, acute hematomas, and diffuse calcifications 
can be eliminated from the list, on the basis of their appear- 
ance on precontrast CT scans, sonography, and follow-up 
studies. With this approach, the possibility of a fibrotic proc- 
ess can be suggested strongly on the basis of the CT and 
sonographic findings. Histologic examination, however, is es- 
sential to distinguish benign from malignant fibrous lesions, 
and to diagnose an associated inflammatory process. 
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Some Applications for a 
Personal Computer Data- 
Base System in Radiology 





Applications for a personal-computer-based relational data-base system in an aca- 
demic radiologist’s office are described. These include archival and flexibie retrieval of 
desired cases from clinical-case and teaching-file data bases and data-base manage- 
ment of a transparency-slide collection and radiology journal articles. All applications 
were implemented by using commercially available software that was specially adapted 
for each purpose. These data-base systems have been effective organizing tools over 
the past 4 years. 


As the personal computer has become an increasingly ubiquitous feature of 
modern offices, including radiologists’ offices, the question has arisen about the 
effective use of systems on a day-to-day basis. This report describes applications 
of a relational data-base management system that have been useful in organizing 
several aspects of the daily work of an academic radiologist over the past 4 years. 
Although specific hardware and software are described, such personalized appli- 
cations can be implemented on virtually any microcomputer by means of a variety 
of commercially available data-base management software. 

Applications include archival storage and retrieval of patient and teaching-file 
databases similar to those described for minicomputers [1, 2, 3] as well as archival 
storage and retrieval of transparency slides and journal articles. A microcomputer 
or personal computer that can be dedicated to the data-base requirements of a 
radiology office is more satisfactory than a minicomputer because computer-disk 
storage and computer access is unrestricted [4]. 

Two features of the system make the data-base management system practical: 
(1) a universal and simple case-coding system and (2) database programs or 
“command files” that present entry options for storage or retrieval in a structured, 
menu-driven format. 


Methods 


The data-base management functions were initially implemented on a variety of microcom- 
puters by means of the dBASE Il and dBASE Ill relational data-base management systems 
{Ashton-Tate Corp., Torrance, CA). 

A common feature of the applications described is a system of case coding that represents 
radiographic findings with a three-letter code. The first letter represents the major anatomic 
area examined, the second represents the organ or subdivision involved. and the third 
represents the disease process invoiving that organ or subdivision. This simple coding system 
is used as a tool for storing and retrieving radiographic findings in the clinical-case and 
teaching-file data bases. Each patient record consists of a fixed record-iength of 80 bytes 
divided into 22 fields. Each individual record contains 9 bytes entered as discrete fields, which 
are used to encode up to three radiographic findings per patient record. Patient data, including 
three-letter coding, are entered by a radiologic technologist with the aid of computer programs 
generated in the dBASE language (command files). The command file presents a series of 
menu-driven prompts that facilitate data entry. Although the command files themselves are 


1076 


relatively lengthy, the general format is indicated in the three menus 
of Table 1. These three menus are used to ask for the major anatomic 
region, the organ or subdivision of one region, and the disease 
process. In addition to patient data, including the patient's name, 
medical record number, birth date, and scan date, a 38-character 
field is provided for a brief description of the indications for the scan 
and/or the patient’s diagnosis. 

Individual customized clinical data bases have been created for CT 
body, MR, and sonographic clinical cases and their corresponding 
teaching files. All may be searched on the basis of user-definable 
criteria, with the aid of command files. The organization of such 
searches is based on two primary strategies: either the three-letter 
codes for radiographic findings or the 38-character code for clinical 
indication or diagnosis. If the three-letter codes are used, the options 
are presented in a menu-driven fashion similar to that used for data 
entry. if the clinical indications or diagnoses are examined, a key 
word or portion of a desired word is entered and used as the basis 
for a search. Both types of search rely on the appropriate usage of 
“string” or character functions. Although the individual data bases 
contain data for only one type of examination, two or more data 
bases can be searched simultaneously to allow correlation among 
imaging techniques. When performing a search, the user is prompted 
to decide whether search output is to be directed to the terminal 
screen or to the printer. Although searches of teaching-file data bases, 
which are quite small, typically require only a few seconds, complete 
searches of patient data bases, such as the CT-body data base, 
which contains more than 13,000 entries, may take up to several 
minutes. 

For all the data bases described, the information in any record can 
be altered retrospectively by an edit function. Primary data-base 
storage is on hard disk; backup storage of clinical and teaching-file 
data bases on floppy disks is performed automatically from command 
files. 

Transparency slides of clinical cases, which may include several 
different types of radiographic examinations, are assigned case num- 
bers. The case number is written on each slide, and each slide is also 
assigned a letter sequentially. The individual cases are filed physically 
in numeric order in a slide-storage case. The slides are then entered 
into a data base that uses the three-letter coding system; single- 
letter codes are also provided for the radiographic techniques repre- 
sented. Table 2 is a sample menu from the command file prompting 
for type of examination. When the slide data base is searched, the 
opportunity is given to search for several subdivisions, disease pro- 
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cesses, and types of radiographic examinations. For major radiology 
journals and subspecialty journals of interest, an article data base is 
maintained that again exploits the three-letter coding system and 
technique coding described. Entry and retrieval of article data are 
automated by command files. 


Discussion 


The described applications of personal-computer data base 
management in an academic radiology enviornment have 
been useful over the past 4 years and are offered as sug- 
gested applications for other radiologists. Although many 
details of the structure of the coding system and the manner 
in which searches are performed by the command files have 
been omitted, the principles behind the data base manage- 
ment applications are most important. Radiologists who de- 
sire to create applications such as those described undoubt- 
edly will need customized software to conform to their specific 
requirements. 

The patient data-base information, recorded in separate 
data bases according to the examination technique, has been 
particularly helpful. This data base has been used extensively 
for retrieval of case material for presentation at teaching 
conferences and seminars and for a variety of retrospective 


TABLE 2: Sample Menu for Type of Radiographic Examination 





Code Technique 


Angiogram 

Barium study 

CT scan 

Diagram 
Histologic/pathologic slide 
IVP 


MR image 

Tomogram 

Ultrasound (sonogram) 
Plain X-ray 

Other 


IVP = intravenous pyelogram (excretory urogram). 
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TABLE 1: Sample Data-Base Menus for Three-Letter Coding of Radiographic Findings 





First Letter of Code: Second Letter of Code: Third Letter of Code: 
Anatomic Area Abdomen Subdivisions Type of Disease Process 
A Abdomen A Artery/Aorta A Abscess/infection 
C Chest B Biliary ducts C Congenital 
E Extremity D aDrenai D Diffuse infiltration 
N Neck | Intestine E Enlargement 
O Obstetric K Kidney F Fluid (ascites, effusion) 
P Pelvis L Liver G Good anatomy 
S Scrotal M Muscle H Hematoma 
N lymph Nodes L Lymphoma/leukemia 
P Pancreas M Metastasis 
R Retroperitoneum N Normal 
S Spleen O Obstruction/stenosis 
T sTomach S Stone/calcification 
U Unspecified (= all subdivi- T Tumor (primary) 
sions) Y cyst 
V Veins 


W Abdominal wall 
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clinical studies. For both teaching-file and clinical data bases, 
the flexibility of search criteria (i.e., a wide variety of material 
may be searched either via case coding or text fields) maxi- 
mizes the appropriate case material that can be retrieved. 

Most data-base systems for radiology [1-4] have used the 
American College of Radiology (ACR) code [5] to encode 
numerically the major anatomic area and pathologic findings 
in a given examination. A simple letter code rather than a 
numeric code has several advantages in computer data-base 
management applications. The letter-coding system is simple 
and mnemonic and can be assimilated rather quickly; thus, 
after a short learning period, the user will know that “ALM” 
means “abdomen, liver metastases” and will not have to look 
up the code 761.339 in the ACR reference book to properly 
code this finding. Because a simple letter-coding system is 
so much easier to use, several findings per case can be 
entered, increasing the potential for recall of findings of inter- 
est on subsequent searches. Simple letter codes require less 
disk-storage space and are better suited for searches than 
the ACR coding language, at least when the dBASE relational 
data-base system is used. In my experience, the categories 
defined by the three-letter coding system are sufficiently 
narrow to allow for effective searches. 

A perfect system for archival storage and retrieval of trans- 
parency slides or radiographic films is difficult to devise. If 
slides or films are filed solely on a physical basis, a choice 
must be made to file according to technique, part of the body 
examined, the disease identified, or a combination of these. 
Most cases that | photograph for slides include more than 
one imaging technique and often show several pathologic 
changes in different anatomic regions. Organization by means 
of a relational data base provides flexibility to search for slides 
or films on the basis of any of the aforementioned criteria and 
maximizes the possibility that the user will find exactly what 
is required in a search. The computer organization of the slide 
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file as described has been useful for rapidly compiling lists of 
slides for specific conferences or lectures. 

The use of a personal-computer data base for filing articles 
has advantages and disadvantages. The original reason for 
setting up this data base was the everyday problem of retriev- 
ing recent articles relevant to interesting or problematic clinical 
cases. If articles of interest are entered into a data base while 
the journals are being read, not much time is really expended 
in the data-entry process, and it is easy later to recall all 
relevant recent articles of interest. One disadvantage of such 
a procedure is that the journals must be read at the computer, 
generally in the cffice rather than at home. 

The choice of microcomputer hardware and relational data- 
base software are probably of secondary importance. Many 
different personal computers and software packages are 
available to perform the functions described. The implemen- 
tation of customized relational data-base routines, although 
somewhat time-consuming at first, can have great benefits in 
improving the organization of a radiologist’s work life. 
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Opinion 


Should Radiologists Perform Endoscopy? 


Philip Shorvon' and Giles Stevenson 


Fiberoptic endoscopy has revolutionized diagnostic inves- 
tigation of the alimentary tract, yet radiologists have generally 
continued to use barium radiology despite a growing accept- 
ance among Clinicians of endoscopy as a primary diagnostic 
tool [1]. If trends continue, radiologists may no longer be 
called on to do imaging investigations of the alimentary tract. 
One alternative is for radiologists themselves to perform 
endoscopy, but before this can be recommended, a number 
of questions must be addressed. 


To What Extent Should Endoscopy Replace Barium 
Radiology? 


The answers to this question are complex and involve 
consideration of such factors as “accuracy,” cost, safety, 
availability, and patient preference. These vary from one part 
of the alimentary tract to another. In the esophagus, barium 
studies are usually the only investigation needed for the 
diagnosis of gastroesophageal reflux and are superior to 
endoscopy for the diagnosis of motility disorders [2]. Many 
lesions will subsequently require biopsy, but endoscopy is an 
inappropriate first investigation [3]. 

in the investigation of dyspepsia, the situation is different. 
Early enthusiastic studies of endoscopic results revealed 
major inaccuracies in barium radiology but were biased to- 
ward endoscopy [4, 5]. Nevertheless, more recent and better- 
controlled studies rarely show barium radiology to be as 
accurate as endoscopy [6], although there may be little dif- 
ference for significant lesions [7]. To those who perform both 
examinations, this difference is self-evident, especially for the 
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elderly, the immobile, and those with previous gastric surgery. 
In the setting of acute upper gastrointestinal bleeding, a 
barium meal is contraindicated, because barium may preclude 
angiography and because radiologic identification of a lesion 
does not necessarily indicate the source of hemorrhage [8]. 
in addition, endoscopic findings of an adherent clot, a visible 
vessel, or Doppler-positive ulcer base are prognostic for 
further bleeding [9, 10], and some lesions are suitable for 
endoscopic therapy [11]. 

At present, expense precludes implementation of endos- 
copy for primary evaluation of dyspepsia in the United States. 
Because the diagnostic yields of barium meal and endoscopy 
are similar in cooperative patients [12], it is senseless for 
patients to pay $350 to $1400 for an endoscopy when they 
could pay $100 for a barium meal. However, these financial 
differences are actually outdated, because the skill required 
to produce good results on a barium-meal examination is 
greater than that needed to perform a good routine upper 
gastrointestinal endoscopy, and the actual costs per proce- 
dure are similar. 

The danger of upper gastrointestinal endoscopy is probably 
overstressed. Published endoscopic complication rates indi- 
cate a morbidity rate of one in 500 cases and a mortality rate 
of one in 10,000 cases [13], but these figures are from the 
1970s and ignore the fact that most problems arise in high- 
risk patients. These figures are almost certainly an over- 
estimate today, when one considers increasing experience, 
the use of smaller caliber, more flexible instruments, and the 
tendency to use less sedation. Barium studies are undoubt- 
edly still safer, although not completely hazard-free. However, 
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the same factors that increase the risk of endoscopic compli- 


cations also impair the quality of the barium-meal examination. 


A final argument proposed against endoscopy is that it is 
an unpleasant procedure and that patients prefer a barium 
meal. However, there are few studies to determine if this is 
true [14]. In a study at our institution, two-thirds of patients 
had a preference for barium meal before undergoing either 
procedure. However, after having both procedures, 76% pre- 
ferred endoscopy for any repeat examination (Frost RA, un- 
published data). 

In the colon, barium enema remains the optimal examination 
for routine investigation because it is substantially safer [15, 
16] and less expensive. Although it can be as accurate as 
colonoscopy for the diagnosis of cancer [17], it is not always 
as accurate [18]. For polyp detection, even the double-con- 
trast barium enema is about 10% less sensitive than colon- 
oscopy [19-21], with most false-negative results occurring in 
examinations of the sigmoid [22]. However, colonoscopy fails 
to visualize the whole of the right colon in at least 10% of 
cases. Therefore, flexible sigmoidoscopy and barium enema 
are a powerful combination [23], potentially more accurate 
than colonoscopy or barium enema alone. Small polyps (less 
than 6 mm) still represent a problem, since even when tech- 
nique is meticulous, barium enema will miss most small pol- 
yps. Half of them will be adenomatous with possible long- 
term, malignant potential. However, the chance of established 
malignancy in these tiny polyps is vanishingly small, and 
flexible sigmoidoscopy before barium enema would detect 
most of them. In inflammatory bowel disease colonoscopy is 
reserved for special indications [24], mainly to clarify radio- 
logic appearances or obtain histologic material. The advent 
of the polyethylene-glycol—based oral purgation has so im- 
proved the accuracy of colonoscopy in patients with acute 
rectal bleeding that it is now probably the imaging investiga- 
tion of choice. 

ERCP is particularly suitable for radiologists to perform 
since the endoscope is used purely to facilitate a variety of 
diagnostic and therapeutic radiologic maneuvers. Therapeutic 
ERCP is increasing in popularity, versatility, and availability, 
and is probably safer than percutaneous procedures, as well 
as more comfortable for the patient. A variety of combined 
endoscopic/percutaneous techniques have been described 
[25-27]. The radiologist who is able to perform both tech- 
niques can more readily select the one that is most appropri- 
ate and change or combine the two as necessary. 


Is It Appropriate for Radiologists to Perform Endoscopy? 


It can be argued that endoscopy is not a radiologic proce- 
dure and therefore should not be performed by radiologists. 
This “purist” approach ignores the expansion of radiology 
beyond the narrow band of electromagnetic radiation into 
several new spheres of activity, such as sonography, ther- 
mography, nuclear medicine, and MR. Endoscopy is just 
another form of medical imaging, and there are compelling 
reasons to conclude that it is a suitable activity for radiolo- 
gists. All physicians who perform endoscopy have found that 
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directly viewing żhe mucosa considerably improves their ability 
to interpret barium radiographs. 

Radiologists re in a unique position to influence the optimal 
use of barium radiology and endoscopy. A decade of endos- 
copy performed mainly by gastroenterologists has resulted in 
many patients still having inappropriate barium studies. If the 
cost of endoscapy can be reduced to that of barium studies, 
physicians will wish to obtain endoscopic examinations for 
some of their patients who currently have barium meals. 
Furthermore, many referring physicians may desire endos- ` 
copy by someone other than a gastroenterologist, because 
they do not wish to surrender clinical care of their patients, 
and some gastroenterologists do not accept the concept of 
endoscopy as 4 limited diagnostic encounter [28]. Radiolo- 
gists are accustomed to acting as diagnosticians who do not 
take over the care of patients, and they already have the 
administrative framework with which to provide specific di- 
agnostic services. 

Closer cooperation between endoscopists and radiologists 
encourages a more integrated approach to gastrointestinal 
imaging, regardless of who actually performs the endoscopy 
[29]. Placing the endoscopy unit within the radiology depart- 
ment has many advantages, not the least of which is including 
the cost of endoscopy. service in the radiology department 
budget. It also facilitates selection of the most appropriate 
procedure by the physicians actually performing the investi- 
gations. The fusion of endoscopic and radiologic services 
should facilitate research in areas that currently bridge the 
two specialties, such as endoscopic sonography [30], per- 
Cutaneous gastrostomy [31, 32], and balloon dilatation of 
strictures [33-35]. 


Is It Feasible far Radiologists to Perform Endoscopy? 


In some couniries, gastrointestinal radiologists are already 
performing fiberoptic endoscopy. These are predominantly 
countries in which medical remuneration is not based on fee- 
for-service, and many gastroenterologists have been eager 
to train physiciens from other specialties to provide endo- 
scopic services. 

In 1984, a number of radiologists who practice endoscopy 
in Great Britain formed a group that now has 35 members, 
and in January 1986 the British Institute of Radiology held its 
first conference devoted to endoscopy. Great advances have 
been made in gastrointestinal radiology and endoscopy in 
Japan, in part because so many physicians there practice 
both endoscopy and barium radiology. In Scandinavia, radi- 
ologists have been performing endoscopy for over a decade, 
and in Sweden they form an integral part of all endoscopic 
services [20]. 

For the last 2 years, surgical societies in North America 
have organized endoscopy workshops, as part of national 
efforts in Canada and the United States to promote the 
acceptance of endoscopy performed by surgeons. Individual 
surgeons have been frustrated in attempts to learn and prac- 
tice endoscopy. The involvement of national surgical societies 
to establish endoscopy as a surgical residency training re- 
quirement was needed before substantial progress could be 
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made. Specific training in endoscopy for radiologists is now 
becoming available, but the involvement of substantial num- 
bers of radiologists would probably similarly require the sup- 
port of national radiologic societies. 

American radiologists have lagged behind in the use of 
endoscopy because they have been reluctant to come into 
conflict with colleagues in gastroenterology, and also because 
CT and sonography have provided a challenge to compensate 
for the decline in numbers of barium studies. However, in 
other countries, such considerations have not prevented ra- 
diologists from successfully integrating endoscopy, along with 
the newer imaging techniques, into a broader concept of 
gastrointestinal radiology. 

Radiologists will undoubtedly find it a struggle to set up 
endoscopic services in some situations, and ultimately each 
individual will decide whether the advantages outlined are 
worth the effort. Several difficulties may be encountered. (1) 
Adequate training may be difficult to obtain, since only a few 
centers in North America now offer teaching in endoscopy for 
radiologists. (2) Other specialists already performing endos- 
copy may object, and good professional relationships may 
suffer damage. Such considerations have not noticeably kept 
obstetricians, gynecologists, and cardiologists from setting 
up imaging facilities. (3) Clinicians may be reluctant to allow 
radiologists to assume the clinical responsibility implicit in 
performing endoscopy, although similar responsibilities are 
already commonplace for radiologists who do angiography 
and interventional techniques [36, 37]. (4) Difficulties may 
occur in obtaining referrals and therefore in establishing cred- 
ibility as an endoscopist. 

In summary, although barium radiology is still important, 
endoscopy has replaced it as the primary procedure in many 
clinical settings. Because of this, radiologists who wish to 
maintain a major interest in the diagnosis of alimentary-tract 
disease will find it difficult to do so without performing endos- 
copy. They will initially find it hard to establish endoscopy as 
part of their practice, but surgeons in the United States have 
demonstrated that such shifts in turf boundaries can be 
achieved without loss of good professional relationships. Ra- 
diologists abroad have already shown the feasibility of taking 
part in endoscopy and have been accepted in this role by 
their clinical colleagues. This involvement enhances radiologic 
practice and helps to achieve the goal of providing a flexible 
diagnostic service that offers patients the most appropriate 
tests with as few visits as possible. 
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Dedication 


The Scientific Session of this meeting was dedicated to the 
memory of John Hodson, Professor Emeritus of Diagnostic 
Radiology at the Yale University School of Medicine who died 
on December 2, 1985, at the age of 69. | worked under him 
for 10 years, and many of you knew him for a longer time as 
a colleague and friend. 

Although John was a member of many clubs and societies, 
the group that meant the most to him was the Society of 
Uroradiology. Many of us looked to him for advice and saw 
him as the prototypical model of what an academic uroradiol- 
ogist should be. He consistently enlivened the society's sci- 
entific sessions with his knowledge and wit. It is appropriate 
that we dedicate this meeting to him because of his achieve- 
ments in our field. 

His career spanned many exciting changes in radiology. 
After receiving his medical degree in 1939 from London 
University followed by training in radiology, John served as a 
radiologist with the Royal Army Medical Corps in North Africa 
and Italy and had the distinction of being cited in dispatches 
in 1944 for his efforts. He had a number of subsequent 
appointments including Director of Radiology at University 
College Hospital in London, Chairman of Radiology at Me- 
morial Hospital in Newfoundland, and Chief of Uroradiology 
at Yale. 

By the time John had reached his 40s, he had achieved an 
international reputation primarily in his major field of interest, 
chest radiology. At this point in his career, when many would 
have rested on their laurels, he became interested in a number 
of unanswered problems regarding radiology of the urinary 
tract. You are all familiar with his uroradiology research, which 
occupied the rest of his life including his so-called retirement. 
He made observations that led to a clear definition of a number 
of radiologic patterns related to the kidney. He also devised 
a series of experiments that had a significant impact on 
pediatrics, pathology, and medicine, as well as radiology. His 
work taught us the pathophysiology of reflux nephropathy 
and showed us how to treat it and how to prevent it. Without 
a doubt, he was one of the outstanding researchers of our 
time. 

John had many loves. He cared for his son, lan, perhaps 


more than he cared for himself, and was justifiably proud of 
him. He loved people of all ages. Many of the fellows and 
residents coming through our department found a genuine 
friend in him. He treated them with dignity and offered them 
companionship and help. Finally, John loved the outdoors no 
matter what the weather. He listed his hobbies as “mountains, 
Sailing, gardening, watercolor painting, and kidneys.” Much of 
his free time was spent in the forest around his Connecticut 
home. He told his friends to come by on the weekend, but 
not to call before they came, because then he would have to 
go inside to answer the phone. 

He did everything with an exactness that impressed ail of 
us. His research was technically perfect. His watercolors were 
painstakingly plotted on a grid to reproduce the landscape 
with mapmaker’s accuracy. His words were always carefully 
chosen. John was intimate with the classic languages. He 
coined the term “lobar nephronia” to reflect focal infection of 
the kidney, not just because he had once been a chest 
radiologist, but because he believed it was exactly the right 
phrase. When | tried to use the term “lobar testonia” to 
describe focal infection of a lobe of the testis, he became very 
upset. It turned out that he was not upset at my using a new 
term, but at my mixing the Greek word “lobe” with the Latin 
word “testis”. It had to be “lobar orchonia,” he explained to 
me, and so it was. 

When Bob Hattery and | discussed the dedication of this 
session to John, the question of his name came up. For years, 
he had been C. John Hodson, but at the end of his life he 
was only John Hodson, and, in fact, he was adamant in 
refusing to have the initial “C” on papers. After talking to Bob, 
| looked up the name “Cecil,” which is what the “C” stood for, 
and its derivation. it comes from the Latin adjective meaning 
“blind” or “dim-witted,” which | think explains everything. Can 
you image John Hodson signing his name to reports 20 times 
a day, “dim-witted John Hodson"? He kept the “C” to humor 
those who had named him, but in the end he wanted his 
name exactly right. 

There was another side to John, however. He could seem 
to be crusty, demanding, and difficult. In part, this was due 
to his background, for he grew up in staid pre-World-War-ll 
Britain as an athlete, and he was a member of a generation 
of whom it might aptly be said that for them the war should 
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have never ended and they should never have grown too old 
to play rugby. In fact, John coached the Yale rugby team until 
he became ill. But more than his British background was 
responsible for John’s behavior. It reflected his inability to 
tolerate inaccuracy and inexactness. He suffered fools poorly 
and he pursued the truth with a relentless honesty both in 
medicine and in life. This, at times, masked the real John 
Hodson. 

The real John Hodson was an impressive man. The lesson 
he taught his residents, fellows, and colleagues was an 
important one: to look for “the blood behind the silver." Those 
were his own words, “the blood behind the silver,” by which 
he meant that we should be concerned with the patient and 
not just the X-ray. He cared about the patient. His interest in 
“the blood behind the silver” and not a desire for academic 
success led him to his outstanding work. 

He not only cared about the fellows, residents, and students 
he trained and befriended, he also cared about animals and 
plants. Once he made plans with some of the residents and 
fellows to cut down several dead trees at the periphery of his 
yard, which was adjacent to a forest. For days before the 
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event, he plotted the exact way the trees should be cut down 
so that they would fall into the grassy yard instead of back 
into the forest. “Why not just let them fall into the forest?” his 
friends asked. He explained that he did not wish to damage 
the young trees in the forest. 

He will be missed by his colleagues and friends, including 
the members of this society, who profited from his compan- 
ionship, aid, and advice. The millions of young people whose 
renal disease is being correctly diagnosed and treated and 
whose lives are being changed because John Hodson cared 
about the “blood behind the silver” serve as his best memorial. 
And so we, the Society of Uroradiology, are using our Scien- 
tific Session to say good-bye to this scholar, to this physician, 
to this man who looked for the blood behind the silver. For 
him, the Romans had the most appropriate parting phrase, 
one that John would have understood, “Ave atque Vale,” “Hail 
and Farewell’. 


Arthur T. Rosenfieid 
Yale University School of Medicine 
New Haven, CT 06570 
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The Society of Uroradiology met in Scheveningen/The Hague, 
Holland, May 3 and 4, 1986. The following abstracts were presented at the 
meeting. 


Contents 


Advantages of nonionie contrast media for intravenous use. Fischer HW, 
Spataro R, Katzberg R, Morris T f 

The accuracy and reproducibility of a new contrast-clearance method for 
the determination of glomerular filtration rate. O'Reilly PH, Golman K 

Glomerular filtration response to acute ureteral obstruction in the dog. 
Katzberg RW, Morris TW, DiMarco PL, Merguerian PA, Ventura JA, 
Linke CA, Fischer HW 

Nonioni¢e and ionic contrast material urography with mannitol. Lovett I, 
Benn R, Doust B, Benness GT 

Patient attitudes about written informed consent for intravenous contrast- 
enhanced radiographie studies. Spring DB, Winfield AJ, Moss AA, 
Friedland G, Preger L, Eisenberg R 

Results of PTA of renal arteries in patients with secondary singular 
kidneys, report of 20 cases. Lohr E, Kruger KG 

Therapeutic segmental renal embolization. Chuang VP 

Intercostal space nephrostomy for percutaneous stone removal. Picus D, 
Weyman PJ, Clayman RV, MeClennan BL 

Role of percutaneous procedures and ESWL in staghorn calculi. Pfister 
RC, Yoder IC, Papanicolaou N 

Extracorporeal shock-wave lithotripsy: The radiologic experience after 
1900 cases. Cochran ST, Barbarie ZL, Paranay G 

Survey of complications of percutaneous stone extraction, dissolution or 
ultrasonie¢ lithotripsy. Lang EK, MeClennan B, Dunnick NR 

Renal medullary calcification: Microradiographic studies of patterns and 
distribution. Olson SR, Clark RL, Cuttino JT 

Changing patterns in the etiology of newborn hydronephrosis. Brown T, 
Mandell J, Lebowitz RL 

Neonatal aortic thombrosis: Radionuclide and ultrasound diagnosis. Vailas 
G, Brouillette RT, Scott JP, Shkolnik MA, Conway JJ, Wiringa K 

Imaging of paediatric renal tuberculosis. Cremin BJ 

Vesicoureteral reflux in boys: a review of 196 cases. Sinai L, Ami TB, 
Hertz M, Boichis H 

The incidence of vesicoureteral reflux in newborns with myelodysplasia. 
Fernbach SK, Conway JJ 

Traumatic urethral fistulae in spinal cord injury patients: sonographic 
diagnosis. Perkash I, Friedland GW, Miller L 

Resuits of tissue biopsy in renal transplant patients whose sonograms show 
collecting system thickening. Cunningham JJ 

Acute hemorrhagic focal bacterial nephritis: findings on B-sean 
ultrasonography and computed tomography. Rigsby CM, Rosenfield AT, 
Glickman M, Hodson J 

Comparison of computed and film-sereen excretory urography: accuracy, 
certainty and costs. Hillman BJ, Fajardo L, Hunter TB, Claypool HR, 
Mockbee WB 

Needle puncture of cystic renal masses: a survey of the membership of the 
Society of Uroradiology. Amis ES, Cronan JJ, Pfister RC 

Spontaneous disappearance of hemorrhagic renal cysts: CT observations. 
Friedland GW 

Accuracy and cost of examination sequences in renal mass evaluation. 
Fritzsche PJ, McDonald D, Holden B 

Infiltrative growth in the kidney revisited: CT-sonographic-pathologic 
correlation. Hartman DS, Davidson Ad, Davis CJ, Goldman SM 

Radiology of direct metastases to the ureter. Spataro RF, Totterman S, 
DeMarino G, Miller T, Rubens D, Katzberg RW 

Uroepithelin! metastases from hypernephroma. Mitty HA, Born R, Droller 
M 

Intraarterial doxorubicin infusion treatment without and with temporary 
occlusion of the renal artery in rabbit renal VX-2 carcinoma. Gadeholt 
G, Gothlin JH 

Magnetic resonance imaging in the detection and staging of carcinoma of 
the prostate. Spataro R. Thornbury JR, Cockett ATK, Disantagnese AP 

Diagnostic and treatment impact of MR versus CT in staging of early 
carcinoma of the cervix. Thornbury JR, Rubens D, Weiss SL 

Initial clinical experience with spectroscopie imaging by quadrature 
modulated echo time shifting. Friedenberg RM 


Advantages of Nonionie Contrast Media for Intravenous Use: Fischer HW, 
Spataro R, Katzberg R, Morns T (Univ. of Rochester Medical Center, 
Rochester, NY 14642) 


Evidence has now been obtained that compared to an ionic contrast 
medium, a nonionic medium liberates less histamine, inhibits acetylcholine- 
esterase less, and activates complement less, produces less bronchospasm, 
produces less depression of serum calcium ion and causes fewer EKG 
changes as well as producing less nausea and vomiting. When used in 
angiocardiography, pulmonary angiography and coronary arteriography, 
fewer hemodynamic disturbances and cardiac dysfunctions are produced. 
These new nonionics bind less to serum albumen (are more hydrophilic), 
alter the blood-brain barrier less and are of lowered neurotoxicity 
compared to the ionics. Independent of what single theory to explain 
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adverse contrast media reactions one prefers, the radiologist is led to 
expect from this evidence that fewer adverse reactions - minor, 
intermediate, or severe, will result from the use of nonionics when used for 
intravenous urograpby and enhanced CT scanning. Preliminary evidence 
indicates this is so and there is preliminary evidence that patients who had 
a previous reaction to an ionie medium will be less likely to have a reaction 
to a nonionic one. 

We have begun a study comparing the nonionies to the ionies in 
previous reactor patients and in patients with a true history of allergy and 
we ate comparing the effects on systemic blood pressure and heart rate in 
intravenous administration. 


The Accuracy and Reproducibility of a New Contrast-Clearance Methud 
for the Determination of Glomerular Filtration Rate: O'Reilly PH, Golman 
K (Stepping Hill Hospital, Stockport, Manchester, UK; Malmo General 
Hospital, Univ. of Lund, Malmo, Sweden) 


The results of an investigation into the accuracy and reproducibility 
of a new method for the determination of glomerular filtration rate are 
presented. The technique involves the determination of the clearance of 
iodinated contrast media from the plasma by an x-ray fluorescence method 
using purpose designed equipment. One hundred and eight patients were 
studied, 75 had simultaneous i.v. injection of 100 mi iohexol (Omnipaque R} 
and 3.7MBq 51-Cr-EDTA. Venous samples were taken into heparinised 
syringes at hourly intervals for 4 hours. The plasma samples were divided 
into two for individual blind analysis of 51-Cr-EDTA and iohexol clearance. 
The procedure was repeated in 33 cases using half the dose of contrast. 
Twenty-four patients had simultaneous creatinine clearance measurement. 
The results showed excellent correlation between iodine and EDTA 
clearance using 100 mi contrast (r=0.92; p=0.00001) and 50 ml contrast 
{r=0.88; p=0.00001); creatinine clearance showed a weaker correlation with 
EDTA (r=0.70; p=0.0009). Reproducibility was good, variation between 60 
Studies over 6 weeks being 2m]/min - 10m)/min (mean 5.9m1/min). The 
technique is easy to perform , can be used as an adjunct to urography, CT 
and angiography and can be repeated for serial studies. The relative 
accuracy of present methods for determination of GFR will be discussed. 


Glomerular Filtration Response to Acute Ureteral Obstruction in the Dog: 
Katzberg RW, Morris TW, DiMarco PL, Merguerian PA, Ventura JA, Linke 


CA, Fischer HW (Univ. of Rochester Medical Center, Rochester, NY 14642) 


The glomerular filtration rate (GFR) has not been previously assessed 
in the whole kidney during complete ureteral obstruction. Timed urine 
collection clearance techniques are unsuitable for GFR measurements 
during ureteral obstruction since they require urine collections which would 
necessitate release of the obstruction. Our results show a 57% increase in 
renal blood flow (baseline: 203.8 + 50.9 vs. 319 + 69.4 ml/min at 105 
minutes; n = 7) that was associated with monophasic decrease in filtration 
fraction to -70% at 120 minutes (0.26 + 0.025 vs 0.08 + 0.007) and an 
increase in ureteral pressure to 63.1 + 6&1 mmHg at 120 minutes. A 
biphasic GFR response was noted with an initial small increase (baseline: 
32.5 + 7.5 vs. 36.3 + 11.0 ml/min at 2 minutes) followed by a continual 
decline to -55% at 120 minutes (14.5 + 2.6 ml/min). The techniques 
employed in this investigation provide a model to further explore whole 
kidney renal physiology with mechanical obstruction. 


Nonionic and Jonie Contrast Material Urography with Mannitol: Lovett I 
nn R, Doust B, Benness GT (St. Vincents Hospital, Sydney, Australia) 

While nephrogram quality mostly depends on blood contrast material 
(iodine) concentration and the renal blood flow, the pyelogram quality 
depends on urinary contrast material (iodine) concentration and diuresis. 

This study was designed to compare the nephrogram and pyelogram 
(concentration and filling) quality with ionic contrast material and non- 
ionic contrast material with and without mannitol 25% (6.5m I/kg) diuresis. 

A pilot study of 29 patients had randomized I.V. urogeaphy with 
contrast material doses of 300 mgl/kg. There was no prior fluid 
restriction. The I.V. injection was completed in 1 minute. Nephrogram 
films at 1, 2 and 5 minutes and pyelogram films at 2, 5, 10 and 20 minutes 
were compared with 2 selected studies (A and B). Better than A was 
graded excellent, between A and B was average and inferior to B was 
graded poor. The studies were graded by two radiologists who were blinded 
with regard to the contrast material chosen. Preinjection and post study 
urine samples were collected and urinary osmolality and urinary contrast 
material (iodine) concentration were measured. 

lopamidol, iopamidol and mannitol and urografin were administered in 
osmotic loads of 680 m0/kg, 1366 m0/kg and 1540 m0/kg respectively. 

The results show that nephrogram quality was superior with iopamidol 
alone and that mannitol diuresis reduced the quality. Urografin was 
inferior to both. The pyelogram sequence showed iopamidol alone was 
superior to jopamidol with mannitol and urografin (equal). The preinjection 
urinary osmolality varied between 1117-210 mO/kg. The urinary iodine 
concentration was higher in the iopamidol group. 

The study suggests that for equal iodine doses, urogram quality is 
improved when the osmotic load is reduced. 


A 


AJR:147, November 1986 


Patient Attitudes About Written Informed Consent for Intravenous 
Contrast-Enhanced Radiographic Studies: Spring DB, Winfield AJ, Moss 
AA, Friedland G, Preger L, Eisenberg R (Univ. of California, San 
Francisco, CA 94143) 


In a multi-institutional study we surveyed over 1,000 patients having 
contrast-enhanced CT or urographic procedures concerning their feelings 
about reading written patient information describing some of the risks 
associated with radiographic contrast material. About 90% of patients said 
they preferred receiving information about risks. Ninety-one percent said 
their referring physician did not discuss any of the risks of the test with 
them. 

Limitations in obtaining & truly informed consent were not uncommon 
and included true medical emergencies in 4% and limited understanding of 
risk disclosure information in 12% dcoematose/semi-comatose (2.6%), 
aphasia (0.9%), dementia (1.5%), medication (0.7%), psychiatrie problems 
(0.8%), inability to read (2.4%)4. Two percent of patients were minors. 
Practical limitations of adequate risk disclosure are common but most 
patients desire and accept information about the risk of common minor and 
uncommon major adverse reactions. 


Results of PTA of Renal Arteries in Patients with Secondary Singular 
Kidneys, Report of 20 Cases: Lobr E, Kruger KG (Univ. of Essen, FRG 

On the background of 280 patients treated by means of balloon 
dilatation because of stenosis of renal arteries, a follow-up study of 20 
patients with singular kidneys is carried out. Four patients reached normal 
pressure ratios without any drug; in this group also creatinine reached 
normal values. In 7 cases the creatinine values did not change at all. 

Complications: Out of 20 patients with 25 PTA's. 

Dissection of the main artery with subtotal occlusion occured once; 

Infaretion of one lobar vessel without clinical manifestation (once). 

General: Aneurysm due to puncture (1); fat embolism in the 
periphery. 

Four of the group of 20 patients died owing to operation, not in 
immediate connection with the previous PTA. 

The rate of complications is therefore remarkably higher than for the 


group with 2 kidneys where the whole rate of severe incidents ranges below 
5%. 


Therapeutic Segmental Renal Embolization: Chuang VP (Emory Univ. 
Hospital, Atlanta, GA 30322) 


Segmental renal artery embolization (SRAE) can be utilized to treat 
lesions involving segmental renal artery in order to preserve residual renal 
parenchyma and to avoid nephrectomy. SRAE was performed in 20 
patients for (1) post-trauma hemorrhage, (2) hypertension from segmental 
FMD, (3) congenital AVM, (4) solitary kidney with carcinoma, (5) pseudo- 
aneurysm following nephrostomy and PTA, and (6) post-biopsy AVF. The 
embolization materials included autogenous clot, gelfoam, Invalon, coil, 
ethanol, and barium sulfate. SRAE was successful in total or partial 


` control of bleeding, hematuria, pain, or hypertension in these patients. No 


immediate complication developed from the embolization procedure. One 
patient had delayed hypertension requiring medication. One patient with 
solitary kidney required repeat embolizations for control of recurrent 
carcinoma over a four-year period. In summary, SRAE is a valuable 
method for the treatment of segmental renal disease prior to nephrectomy. 


Intercoastal Space Nephrostomy for Percutaneous Stone Removal: Picus D, 
Weyman PJ, Clayman RV, MeClennan BL (Mallinckrodt Institute of 
Radiology, Washington Univ. School of Medicine, St. Louis, MO 63119) 


Percutaneous removal of renal and ureteral calculi requires an 
accurately placed nephrostomy to provide the most direct aecess for stone 
manipulation. The standard nephrostomy, entering through a middle or 
lower pole calyx, does not provide optimal access for ureteral, upper pole 
renal, or large staghorn calculi. For treating these stones, we have found 
an intercostal, upper pole approach to be most efficacious. 

We have used an intercostal approach to percutaneous stone removal 
in 50 of our last 122 patients. All calculi were successfully removed - 9 
calyceal, 24 ureteral and 17 staghorns. In all cases, a chest x-ray was 
obtained immediately following the procedure. Complications included 
pneumothorax in 6 patients (12%) and hydro-urothorax in 2 patients. Four 
patients (18%) had chest tubes placed. These complications were felt to be 
due to air and/or fluid leaking through the wound when the working sheath 
was not in place. 

The intercostal upper pole approach provides direct access to both 
upper pole and ureteral calculi, thus facilitating their removal. The 
straight tract permits the use of a rigid nephroscope:for many of these 
Stones, thereby allowing the use of larger grasping instruments, as well as 
ultrasonic lithotripsy. For staghorn calculi, the upper pole approach allows 
access to the ureter, as well as to the pelvic and lower pole portions of the 
stone. The intercostal approach to percutaneous stone removal greatly 
facilitates extraction of upper pole, ureteral, and staghorn calculi. 
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Although the morbidity is slightly higher than the more traditional lower or 
middle pole approach, complications can generally be avoided by using a 
working sheath and placing a nephrostomy tube following the procedure. 


Role of Percutaneous Procedures and ESWL in Staghorn Caleulis Pfister 
RC, Yoder IC, Papanicolaou N (Massachusetts General Hospital, Boston, 
MA 02114) i 


Large renal stones particularly the staghorn variety are difficult to 
treat. The residual calyceal stone fragment rate is significant when 
managed by percutaneous ultrasonic lithotripsy (PUL) and extraction only. 

Prolonged ureteral obstruction is the usual outeome if staghorn 
calculi are only fragmented by the extracorporeal shock wave lithotriptor 
(ESWL) due to the excessive volume of granulated stone particles. 

Currently in most cases, initial debulking of large stones by PUL is 
performed, followed by ESWL of the remaining retained calyceal stone 
fragments. Occasionally, in non-oxalate calculi, stone dissolution of post 
PUL and/or ESWL fragments is carried out through nephrostomy catheters. 
If a decompression percutaneous nephrostomy tube is needed for ESWL 
ureteral obstructicn the usual 8-10 Fr catheters frequently become 
obstructed by stone debris; the larger continuous pyeloureteral catheter 
(24-8 Fr) is advantazeous in this situation. 


Extracorporeal Shock-Wave Lithotripsy: The Radiologic Experience After 
1000 Cases: Cochran ST, Barbaric AR Paranay G (Univ. of California, Los 
Angeles, CA 90024) 


Over 1000 extracorporeal shock-wave lithotripsy (ESWL) procedures 
have been performed at our institution. The impact this technology makes 
in a genitourinary rediology practice is quite significant. 

Supine abdomen films and renal ultrasound studies are routine to 
follow the progress of stone discharge and monitor for obstruction. . IVP, 
CT and MRI are used in a small percentage of cases following ESWL to 
monitor lucent stones and detect complications such as perinephric 
bleeding. 

Percutaneous interventional procedures were needed in more than 
10% of patients uncergoing ESWL. These procedures were performed pre- 
ESWL to debulk lerge stones, or when the urologists were unable to 
dislodge a stone from the ureter or place a stent past the stone, or when 
the ureter was perforated during retrograde manipulation. These 
procedures were performed post-ESWL when the patient developed sepsis 
because of obstruction, or there was progressive dilatations and obstruction 
with poor passage of stone fragments, or pain was uncontrollable with 
narcotics. 


Survey of Complications of Percutaneous Stone Extraction, Dissolution or 
Ultrasonic Lithotripsy: Lang EK, McClennan B, Dunnick NR (Louisiana 
State Univ. Medical Center, New Orleans, LA 70112) o 


An apparent rise in the incidence of complications attendant to 
percutaneous stone extraction and ultrasonic lithotripsy is investigated by 
means of a mail survey. Two hundred and eighty-six (286) questionaires 
have been mailed to North American institutions and/or urologists and 
radiologists; 72 to major foreign institutions and investigators. Returns (in 
progress) have been received and are tabulated. The complications 
reported are grouped into those attributable to "learning experience", 
variance. of anatomy, attendant specific techniques, faulty techniques and 
underlying conditions, l 

Recommendations to avoid such complications will be based 
particularly on the findings in the groups "anatomical variance", 
"underlying conditions:, and "attributable to technique". Recommendations 
to modify or expand the preprocedural diagnostic workup to identify such 
variance as posterior locations of the colon and/or spleen will be 
formulated on basis of their statistical prevalence. Modifications of 
accepted teehniques will be recommended if incriminated for a high 
incidence of complications. Similarly certain conditions predisposing to 
complications will be identified and modifications of management 
suggested. 


Renal Medullary Celcification: Microradiographic Studies of Patterns and 
Distribution: Olson SR, Clark RL, Cuttino JT (Univ. of North Carolina 
School of Medicine, Chapel Hill, NC 27514) 


Although microcalcifieations frequently occur in the "normal" 
medulla, the progression of these mineral deposits to clinically apparent 
calculi bas been difficult to. document. Recently Bruwer suggested a new 
concept of stone formation, and his paper (Primary Renal Calculi: 
Anderson-Carr-Randall Progression? AJR 132:751, 1979) stimulated us to 
attempt to confirm his hypothesis. 

Radiography of 144 grossly normal autopsy kidneys identified 84 
containing parenchymal calcifications. A detailed study of involved areas 
using microradiogrephic and histologic techniques were performed. 
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_ Our results again document the striking frequency of medullary 
microcalcification. These deposits were usually present in the pertibular 
regions of the inner medulla and/or papilla. Less commonly, small stones 
were found in the suburothelial region of the calyceal fornix. 

_ This study suggests that most primary calculi originate as 
mineralization in the papillary interstitium. Progressive conglomeration of 
the most superficial calcifications ‘causes eventual erosion of the papillary 
surface resulting in calyceal access and the formation of "Randall's 
plaques". When a well anchored papillary nidus develops, continued 
calculus growth may occur if suitable environmental factors are present. 
We do not support Bruwer's hypothesis that papillary tip microcaleification 
migrates from the inner medulla. 


Changing Patterns in the Etiology of Newborn Hydronephrosis: Brown T, 
Mandell J, Lebowitz RL (The Children's Hospital, Boston, MA 02115) 

The detection of hydronephrosis in the fetus by ultrasonography has 
led to better understanding of hydronephrosis in the newborn infant. 

During the thirty-year period, 1947-1977 (the pre-ultrasound era) 146 
patients with significant neonatal hydronephrosis were seen. The majority 
were discovered because they had signs and/or symptoms - either an 
abdominal mass {an enlarged kidney or bladder) or urosepsis. The three 
most common conditions were obstruction of the ureteropelvic juntion 
(22%), posterior urethral valves (19%), and ectopic ureterocele (14%). 
During this period, 53 patients with multicystic dysplastic kidney were 
discovered (2 per year or 1 for every 3 patients with hydronephrosis). 

During the six-year period, 1979-1985 (the ultrasound era) 141 
patients with significant neonatal hydronephrosis have been seen. Seventy 
percent were discovered on fetal screening during maternal 
ultrasonography. (Maternal/fetal intervention was virtually never 
indicated.) Most babies were asymptomatic. The most common conditions 
were obstruction of the ureteropelvic junction (41%) and obstruction of the 
distal ureter (23%) (usually primary megaureter). | Hydronephrosis 
associated with duplex anomalies accounted for 13% and posterior urethral 
valves 10% of the total. Seventeen patients with multicystice dysplastic 
kidney were seen (3 per year or 1 for every 8 patients with hydronephrosis). 

This dramatic increase in the number of patients found to have 
neonatal hydronephrosis is primarily due to the widespread use of 
obstetrical ultrasonography and concomitant fetal screening. The previous 
pattern of etiologies represented the incidence of symptomatic lesions. 
The current pattern more accurately reflects the true incidence of 
congenital anomalies of the urinary tract. 


Neonatal Aortic Thombrosis: Radionuclide and Ultrasound Diagnosis: 
Vailas G, Brouillette RT, Scott JP, Shkolnik MA, Conway JJ, Wiringa K 
(Children's Memorial Hospital, Chicago, IL 60614) 


We reviewed 20 cases of aortic thrombosis associated with umbilical 
artery catheterization diagnosed by ultrasonography (16/20) or sortography 
(4/5) over a period of four years. Fourteen of 20 infants experienced 
severe perinatal asphyxia. Ultrasonography of the aorta provided 
information about the size, location and configuration of the thrombus and 
was useful in monitoring thrombus size response to therapy. Radionuclide 
renography-scintigraphy demonstrated abnormal renal function in all 11 
patients studied. Six patients with minor thrombosis (hypertension as the 
only sign) improved without specifie therapy. Nine infants had moderate 
thrombosis (multiple signs but normal urine output); all survived with a 
variety of therapies; two were not treated with anticoagulants or 
fibrinolytics; 3 improved with heparin alone and one bad surgery without 
recurrence of the thrombus. Streptokinase resolved the thrombus in 2 of 3 
infants with moderate thrombosis. All five babies with anuria from major 
thrombosis died. Hepatic infarction associated with aortic thrombosis was 
found in 3 of 3 autopsies. Asphyxiated infants with umbilical arterial 
catheters are at increased risk for aortic thrombosis. Because 
ultrasonography and radionuclide renography-scintigraphy provide anatomic 
and functional information respectively, both modalities should be used to 
study infants with this disease. 


Imaging of Paediatric Renal Tuberculosis: Cremin BJ (Univ. of Cape Town, 
Cape Town, South Africa) 


The diagnosis of renal tuberculosis in children is not common. The 
symptoms are benign and the original cortical lesion heals spontaneously so 
that radiological demonstration is delayed until there is spread to the 
medullary pyramids. The radiographs of 12 eases seen since 1960 were 
reviewed. The initial lesion was calyceal destruction but half the cases 
presented as autonephrectomy. In six of the cases the initial lesion was 
ealyceal destruction with adjacent spread. In the other six, 
autonephrectomy had occurred to give relative non-visualization. 
Calcification in the kidneys was seen in two cases and jin the abdominal 
glands in four cases. In two cases use was made of arteriography and CT. 

Ultrasound has proved to be a most valuable initial examination. A 
child that presents with dysuria and haematuria should have ultrasound as a 
routine investigation after urine examination. A bladder that is 


AJR:147, November 1986 


contracted, has mucosal irregularities and gaping ureteric orifices must be 
strongly suspected. The change in the kidney will depend on the stage of 
the disease. The overall ultrasonic appearances may not be diagnostic but 
in the correct clinical setting they can be very specific. The ultrasound 
feature of two cases will be described. 


Vesicoureteral Reflux in Boys: A Review of 196 Cases: Sinai L, Ami TB, 
Hertz M, Boichis H (Chaim Sheba Medical Center, Tel Hashomer, Israel) 

Most reports on vesicoureteral reflux deal with girls who undergo 
micturating cystourethrography (MCU), because of urinary tract infection. 
We reviewed the charts of 196 boys (27%), with vesicoureteral reflux out of 
a total of 724 who underwent MCU between the years 1974-1984. 

Urinary tract infection was the most frequent indication for the 
examination, present in 188 boys; 80 of them (42.5%) had reflux. 
Hypospadias was the second most common clinical setting. In these 
patients reflux was found in 17% of the cases, as was the case in other 
unrelated indications. 

Seventy boys had a congenital anomaly of the kidney such as 
complete duplication (23), ectopia (10), and solitary kidney (12) had a high 
ineidence of reflux. 

Fourteen boys had posterior urethral valves, 9 of them with reflux. 
Our study shows that: 1) VUR is as.common in boys as in girls with urinary 
tract infection, 2) that reflux is almost always primary and 3) that reflux is 
especially frequent in boys with renal anomalies. 


The Incidence of Vesicoureteral Reflux in Newborns with Myelodysplasia: 
Fernbach SK, Conway JJ (Childrens Memorial Hospital, Chicago, IL 60614 

Functional and anatomic abnormalities of lower urinary tract are 
common in children with myelomeningocele (MM). When undetected or 
untreated, these functional problems are responsible for deteriorations of 
renal function. The radiologie standard for evaluating the lower urinary 
tract in the neonate has been radiologie voiding cystography (VCUG). To 
evaluate the role of cystography we reviewed 110 VCUG's and 16 
radionuclide cystograms in neonates with MM. 

The incidence of reflux detected by VCUG (26%) was similar to that 
detected by radionuclide cystography. Bladder capacity and the 
completeness of bladder emptying were measured by both techniques. The 
many anatomic abnormalities (trabecular, saccules, abnormal bladder 
contour} detected by VCUG were not surgically corrected. For these 
reasons and because of the significantly lower radiation exposure we now 
Se mend that radioinuclide eystography be performed in neonates with 

Children without reflux might have a baseline excretory urography in 
infancy but, in general, may be followed withirenal ultrasound. Children 
who reflux will need a baseline excretory urogram. After this, yearly 
radionuclide cystography should be done until reflux abates. The 
radionuclide renogram should be used in conjunction with clinical 
parameters to monitor renal function. 





Traumatic Urethral Fistulae in Spinal Cord Injury Patients: Sonographic 
Diagnosis: Perkash I, Friedland GW, Miller L (Palo Alto V.A. Medical 
Center, Palo Alto, CA 94301) 


False passages extending from the prostatic urethra in 10 spinal cord 
injury patients were examined via a sonographic voiding cystourethrogram 
(SVCU), a radiologie voiding cystourethrogram (RVCU}, and urethroscopy. 
All patients were on intermittent catheterization, and all had difficulty 
with that procedure. Four had a posterior ledge at the bladder neck as 
previously described; 5 had a urethral stricture. False passages were seen 
at urethroscopy in 10 patients, on a SVCU in 9 patients, and on a RVCU in 
2 patients. No patient had a retrograde urethrogram, since this 
examination is not routine in spinal cord injury patients. Despite the one 
miss, ultrasonography is an excellent modality for the detection of 
unsuspected false passages. The sagittal image enables the examiner to 
wateh the progress of the catheter into false passages, and it can also 
detect false passages not seen on routine RVCU. The false passages were 
unroofed in all 10 patients, and all 10 were subsequently cured. 


Results of Tissue Bio in Renal Transplant Patients Whose Sonogra ms 
Show Collecting System Thickening: Cunningham JJ (Ohio State Univ. 
Medical Center, Columbus, OH 43210) 


Recent data has been presented which suggests that sonographic 
thickening of the collecting system in renal transplant patients is a reliable 
sign of rejection, particularly severe acute rejection. We reviewed the 
tissue biopsy results of a similar-sized series of transplant patients with 
sonographic evidence of thickening of the renal pelvis and calyces. Acute 
rejection was only one of several diseases found. Other patients had acute 
tubular necrosis, cyclosporine toxicity, hypertensive vasculopathy, 
ischemie necrosis, and a variety of other problems alone or in combination, 
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in our series, development of sonographic thickening (submucosal 
edema) of the collecting system is a non-specific finding and not a reliable 
indicator of rejection. 


Acute Hemorrhagic Focal Bacterial Nephritis: Findings on B-Scan 
Ultrasonography and Computed Tomom apy: Rigsby CM, Rosenfield AT, 
Glickman M, Hodson J (Yale Univ. School of Medicine, New Haven, CT 
06510) 


Acute focal bacterial nephritis (AFBN) refers to focal parenchymal 
infection without liquefaction. The sonographic findings of a mass with an 
echogenicity equal to or less than normal renal parenchyma and the CT 
findings of a solid mass on precontrast scans with a nephrographic defect 
seen following contrast medium injection are well established. Five 
patients seen in the past year with AFBN presented a different imaging 
picture, explained by the occurrence of hemorrhagic AFBN. Ali patients 
had focal segments more echogenic than normal renal parenchyma. In four 
eases, precontrast computed tomography showed increased attenuation in 
the corresponding area and one of these four cases had evidence for low 
attenuation in the mass as well. The fifth case had a low attenuation 
segment compared to normal renal parenchyma. After administration of 
intravenous (IV) contrast medium, the typical findings of focally decreased 
enhancement were identified in all cases. In one patient, who also had 
delayed scans, the area of focally decreased enhancement on the initial 
scan was hyperdense on delayed seans confirming that the mass consisted 
of functioning renal parenchyma. 

We conclude that the typical findings of focal hemorrhagic 
pyelonephritis are echogenic foci on ultrasound, high density on precontrast 
CT studies and an abnormal nephrogram without well defined margins on 
the post-contrast CT scans. The wedge-shaped area of decreased density 
on the noncontrast CT image in one patient and the mixture of high and 
low levels of density in patients who had echogenic foci in a similar area in 
the ultrasound study are also consistent with parenchymal hemorrhage at 
different stages. 

Awareness of these findings on CT and ultrasound should lead to 
accurate diagnosis in almost all cases. 


Comparison of Computed and Film-Sereen_Exeretory Urography: 
Accuracy, Certainty and Costs: Hillman BJ, Fajardo L, Hunter TB, 
Claypool HR, Mockbee WB (Univ. of Arizona Health Sciences Center, 
Tucson, AZ 85724) 


A recent radiologic innovation is the substitution of an electronic x- 
ray receptor for the conventional film-screen cassette. This bears the 
potential for increasing lesion conspicuity, and hence diagnostic facility, 
while reducing radiation and monetary costs. This presentation reports a 
prospective comparison of matched film-sereen and digital excretory 
urogram exposures. 

A statistically significant series of consecutive patients underwent 
excretory urography. Scout abdomen, scout renal tomogram, post-injection 
nephrotomogram, 10 minute ureteral compression and 15 minute 
compression release exposures were performed by film-screen and digital 
(Toshiba Computed Radiology - TCR) techniques on each patient following 
rapid bolus injection of contrast material. Digital exposures were 
performed at half the optimal film-screen radiographic technique. Three 
staff radiologists not involved in the performance of the examinations 
interpreted either the film screen or digital urograms, noting: the quality 
of the films; whether the study was normal or abnormal; if possible, a 
diagnosis; and their level of certainty. Diagnostic accuracy was evaluated 
by a review of the patients’ records, or in the absence of a definitive 
diagnosis, a review of the complete case by a panel of radiologists. 
Analyses included diagnostic sensitivity, specificity, accuracy, receiver 
operator characteristic curves, and estimations of film and radiation costs. 
The results of these analyses and their implications will be the subject of 
the presentation. 


Needle Puncture of Cystic Renal Masses: A Survey of the Membership of 
the Society of Uroradiology: Amis » Cronan JJ, Pfister RC (Naval 
Hospital, Bethesda, MD 20814) 


The Society of Uroradiology was polled regarding cyst puncture. 
Sixty-four percent of the membership responded, relating experience with 
approximately 16,000 punctures of cystic renal masses. No respondent 
would currently puncture a lesion clearly defined as a simple cyst by 
nephrotomography and ultrasound. One hundred percent of the respondents 
accept CT as accurate in diagnosing simple cysts, while $2% accept 
sonography alone. Twenty percent are comfortable with diagnosing a 
simple cyst on nephrotomographic criteria alone, provided the criteria are 
rigidly met. Twenty-three percent, on finding clear fluid on puncture, 
discard the fluid without submitting it for further testing. If fluid is sent 
to the laboratory, virtually all respondents would order cytology, while less 
than a quarter would order culture, lipids, LDH, glucose, protein, or 
amylase. Four cases werd reported where positive cytology or chemistry 
on clear fluid aspirated from a cystic mass was the only factor in 
diagnosing the lesion as malignant (0.025% of total lesions in this series). 
In none of these cases was CT reported as having been performed. Clear 
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fluid (with or without positive cytology) has been reported in cystic renal 
malignancies. CT has been positive for tumor when performed in such 
cases, In view of the multiplicity of conflicting and overlapping findings in 
cases of cystic renal masses, to adhere to a specifie algorithm in workup 
seems fraught with chances for error in diagnosis. CT should be the arbiter 
in establishing the final diagnosis of cystic lesions of the kidney. The 
character of fluid aspirated from cystic renal masses, while it may be 
suggestive of the nature of the lesion, cannot be considered conclusively 
diagnostic in that clear fluid with negative eytology has been associated 
with malignant renal lesions. 


Spontaneous Disappearance of Hemorrhagic Renal Cysts: CT Observations; 
Friedland GW (Palo Alto VA Medical Center, Palo Alto, CA $4301 





We examined three patients with hematuria, in two of whom 
computed tomography suggested the presence of a single hemorrhagic cyst, 
and in the third acquired uremic cystic disease and one larger hemorrhagic 
eyst. Ultrasound demonstrated a complex mass in all three patients. Each 
was observed for 2-12 weeks; within that time CT revealed that the 
hemorrhagic cyst disappeared in all three patients leaving no sear in two 
patients, but some searring in a third. Since there was no communication 
with the collecting system, we suspect that the cyst ruptured into the 
perirenal space after which the contents were absorbed. in patients with 
acquired uremic cystic disease, we suggest that this could be the 
mechanism by which they developed a perirenal hematoma, provided 
sufficient bleeding occurs after the rupture. 


Aecuracy and Cost of Examination Sequences in Kenal Mass Evaluation: 
Fritzsche PJ, MeDonaid D, Holden B tLoma Linda Univ., Loma Linda, CA 


92350) 









A retrospective study was designed to look at ihe imaging sequences 
utilized at Loma Linda University Medical Center from 1978 to 1985 with 
particular emphasis on the cost and accuracy. Nearly 200 patients were 
selected on the basis of discharge diagnosis. Uroradiological examinations, 
including intravencus urography, ultrasound, CT and angiography were 
reviewed and the accuracy of each examination determined by correlation 
with the histology cf the surgical or biopsy specimen. The accuracy of the 
examination was scored as 1) specific, 2} diagnostic but not specifies 3) nat 
diagnostic. The number and cost of imaging procedures necessary to reach 
a specific correlation were calculated. The number of examinations 
performed in evaluation of the same mass beyond the specifie diagnosis 
were considered excessive. 

We found more examinations were used in evaluating malignant than 
benign lesions and excessive exams were particularly bigh when evaluating 
malignant lesions. The overall excess rate was approximately 15% 
reflecting an acquired reluctanee to abandon examinations by both the 
radiologist and clinician even when specifie diagnoses have been reached. 

The cost of renal mass imaging evaluation can be reduced without 
sacrificing accuracy ‘by utilizing out-patient facilities, less angiography and 
a systematic approach, 






Infiltrative Growth in the Kidney Revisited: CT-Sonographic-Pathologic 
Correlation: Hartman DS, Davidson Ad, Davis Cd, Goldman SM 
Forces Institute of Pathology, Washington, D.C. 20306-6000) 


Neoplastic and inflammatory diseases may infiltrate the kidney using 
nephrons, collecting ducts and blood vessels as the seaffolding for cellular 
proliferation. Initially, the renal margin and collecting system maintain a 
normal contour. With continued growth the calyces become attenuated and 
the renal contour is enlarged but the reniform shape is maintained. In 
1977, Ambos et al described the urographie and angiographic findings of 4 
eases of infiltrative growth within the renal parenchyma. Since this 
original description, little has been written concerning the CT and 
sonographic findings of this growth pattern. Twenty-three pathologically 
proven cases of infiltrative growth with CT and/or sonography were 
retrospectively correlated with their pathologic findings. On CT the 
infiltrating mass usually has an ill-defined interface with normal 
parenchyma but the reniform shape is maintained. In most cases, the mass 
encases the pelvocalyceal system and replaces the renal sinus fat. On 
sonographic examination the mass is ill-defined, has a heterogeneous echo 
pattern and is reniform. The renal sinus echos are frequently focally or 
diffusely absent. Pathologic processes which grow primarily by infiltrative 
growth include lymphoma, collecting system tumors, metastases, acute 
bacterial nephritis, mesoblastic nephroma and rarely renal cell carcinoma, 
CT and ultrasound are useful techniques in recognizing infiltrative growth 
within the kidney. 


Radiology of Direct Metastases to the Ureter: Spataro RP, Totterman 5, 
DeMarino G, Miller T, Rubens D, Katzberg RW (Univ. of Rochester, 
Rochester, NY 14642) 


Metastases directly to the ureter are uncommon. Metastatic 
neoplasms generally involve the ureter by direct extension from adjacent 
organs or extension from lymph node metastases. in both of these cases, 
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ureteral obstruction may occur. Metastases directly to the ureter without 
evidence of surrounding mass or lymph node involvement is rare. Primary 
neoplasms which may metastasize directly to the ureter include: 
metastatic melanoma, breast, and lung carcinomas. In these cases, 
patients may present with ureteral obstruction or gross or microscopic 
hematuria. The radiology of metastatic neoplasm to the ureter wiil be 
described including the appearances on excretory urography and computed 
tomography. Examples of involvement of the ureter by metastatic 
melanoma, breast carcinoma and lung carcinoma will be presented. The 
use of retrograde, brush biopsy to differentiate metastatic intraluminal 
tumor as seen with metastatic melanoma and primary transitional cell 
carcinoma will be described. 


Uroepithelial Metastases from Hypernephroma: Mitty HA, Born R, Droller 
M (Mount Sinai Medical Center, New York, NY 10029) 

Post-mortem examination of patients succumbing to bypernephroma 
reveals ureteral metastases in 6.1% of cases that had renal vein tumor 
thrombus; 1.2% of cases without renal vein involvement also have ureteral 
metastases at post-mortum. 

We have studied 6 patients with uroepithelial metastases from 
hypernephroma. The primary tumor was on the left in 5 of 6 cases. Four 
patients presented with hematuria after nephrectomy and proved to have 
recurrent tumor in the ipsilateral ureteral stump. Two patients had renal 
pelvie foci of hypernephroma that were not in continuity with the primary 
lesion. The original radiologie studies and/or surgical specimens revealed 
main renal vein involvement in 4 patients while the ather 2 had 
microscopic venous involvement. Two patients with renal vein involvement 
also had lymphatic spread documented. 

Since the number of patients reported with uroepithelial metastatic 
hypernephroma is small, routine nephroureterectomy has not been 
practiced, This operation should be considered in a patient with radiologic 
evidence of ipsilateral metastatic uroepithelial foci or if such involvement 
is found during nephrectomy. 


Intraarterial Doxorubicin infusion Treatment Without and With Temporary 
Oeclusion of the Renal Artery in Rabbit Renal VX-2 Carcinoma: Gadeholt 
G, Gothlin JH (Bergen Univ., Bergen, Norway) 

Doxorubicin was infused without and with temporary occlusion of the 
renal artery on three occasions in rabbits with VX-2 carcinoma 
percutaneously implanted into the left kidney. Control rabbits were 
treated three times with temporary occlusion and infusion of physiological 
saline. Temporary occlusion was obtained by advancing a catheter into 
wedge position. 

In 22 rabbits renal- and capsular artery infusion was successful in 64 
and 16 attempts, respectively, out of 66. Complication rate was low, with 
no vascular trauma seen after the first catheterization. At second and 
third catheterization altogether 6 vascular lesions were registered. 

All rabbits were killed 64 days after tumorimplantation or before if 
they looked ill or were losing weight. Eight control- and 7 infusion 
occlusion rabbits sacrificed 32.5 and 56 days (median) after tumor 
implantation respectively, all had renal tumor and metastases. All 7 
rabbits infused with doxorubicin were sacrificed after 64 days; 3 had renal 
tumor and metastases, 1 had renal tumor with local infiltration and 3 had 
no evidence of disease. 

The rabbit kidney with implanted tumor is a suitable model for 
testing fractional schemes and doses for multiple intraarterial infusions of 
various antineoplastic drugs. Research continues to determine whether the 


results are consistent or may be attributed to technical or chance 
occurrence, 


Magnetie Resonance Imaging in the Detection and Staging of Carcinoma of 
the Prostate: Spataro RF, Sornbury JR, Cockett ATK, Disantagnese AP 


(Univ. of Rochester Medical Center, Rochester, NY 14642) 


Twelve patients with carcinoma of the prostate that had undergone 
magnetic resonance imaging (MRD of the prostate gland had total 
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prostatectomies. The prostatectomy specimens were serially sectioned and 
stained and a mapping of the location of the tumor was performed in 
conjunction with a uropathologist. 

Correlation of the pathological specimens with the MR scans showed 
that magnetic resonance imaging was generally unable to detect the 
location of prostatic carcinoma within the prostate gland. Magnetic 
resonance signal intensity did not discriminate between prostatic 
carcinoma, benign prostatic hyperplasia and normal prostate. 

Magnetic resonance imaging either understaged or overstaged the 
prostatic carcinoma in one-third of the cases. MRI was generally able to 
detect macroscopic extracapsular extension of prostatic carcinoma, 
invasion of the seminal vesicles and lymph node involvement when enlarged 
lymph nodes were present. However, MRI was unable to detect metastatic 
Prostatic carcinoma in normal size lymph nodes or metastases to the 
seminal vesicles when they were microscopic in size. 

This study showed that no tissue specifie signal intensity was found in 
patients with prostatic carcinoma and there was poor pathological 
correlation between the suspected area of tumor involvement within the 
prostate gland and the sectioned pathological specimen after total 
prostatectomy. MRI was useful in the staging of prostate carcinoma but 
may not be significantly more sensitive than computed tomography in its 
ability to stage carcinoma of the prostate. 





Diagnostic and Treatment Impact of MR Versus CT in Staging of Earl 
Carcinoma of the Cervix: Thornbury JR, Rubens D, Weiss SL (Univ. of 
Rochester Medical Center, Rochester, NY 14642) 


in April 1985 we began a comparison study of the usefulness of MR 
versus CT in the staging of early carcinoma of the cervix (IB to IIB). Data 
collected permits determination of sensitivity/specificity effect on 
treatment choice (surgery versus irradiation followed by surgery) and cost 
effectiveness. 

A 1.5T superconducting magnet GE machine was used. MR 
examination included partial saturation (TR 600, TE 25) and T2 weighted, 
multislice spin echo (TR 2000 msec, TE 40 msec and 80 msec) pulse 
sequences. Both sagittal and axial formats were used. By April, 1986, 25 
patients having uterine cancer had been examined. Five of these were 
early stage (IB to HB) carcinoma of the cervix patients who then had 
surgical treatment permitting direct pathologic/imaging correlation. 

Results indicate that pelvic examination under anesthesia (EUA) 
considerably underestimated the primary paracervical spread: 


Underest. Overest. Correct 
EUA 3 1 2 
MR I 8 å 


CT provided no helpful information about the configuration of the 
primary tumor and was very inaccurate in assessing paracervical spread, 
On T2 weighted MR images in all 5 patients, the primary squamous cell 
carcinoma tumor mass was well delineated by its high intensity signal. 
Thus, MR was more accurate in assessing the size, shape, and extent of the 
primary tumor than either EUA or CT. Most importantly, if MR findings 
had been considered in treatment decisions, 2 of 5 patients (40%) would 


have had radiation treatment prior to Surgery; actually both patients had 
surgery alone. 






Initial Clinieal Experience with i in b Quadrature 
Modulated Echo Time Shifting: Friedenberg RM (Univ. of California, 
Irvine, Orange, CA $2668 


Examples of normal and abnormal multiple organ seans including 
brain, extremities, and kidney will be shown utilizing a new proton 
spectroscopic imaging technique for resolving fat and water 
simultaneously. This new method is a variation of the echo encoded 
imaging technique which has high spatial resolution. The technique was 
initially tested with phantoms and then on normal brain and abdominal 
organs, and finally on appropriate lesions which benefit from fat and water 
shift. The author feels that this technique, when compared to the Dixon 
technique, reduces scan time, provides less motion and chemical shift 
artefact, and provides better spatial resolution. 


Circumflex Retroesophageal Right Aortic Arch 


The article by Shufford et al. [1], describing circumflex retroeso- 
phageal aortic arch points out the importance of differentiating this 
anomaly from a mediastinal tumor or thoracic aneurysm. Although 
this situation has been reported in previous studies, including my 
paper [2] in 1967, its importance is worth repeating because of its 
frequent occurrence. | have seen two to three chest films a year in 
patients with a right aortic arch, most of which are the more common 
variation with descent of the aorta on the right and which are 
frequently confused by the inexperienced radiologist with a right 
superior mediastinal mass. In these cases, the diverticulum so com- 
monly present is mistaken for an aortic knob. The plain chest roent- 
genograms with or without barium will accurately characterize this 
variation without sophisticated imaging technique (Fig. 1). The char- 
acteristic posterior indentation on the esophagus or trachea will 
confirm the diagnosis. However, understanding the angiographic 
anatomy will help when interpreting CT and MR examinations in these 
patients. 

| have evaluated eight aortograms in patients with circumflex right 
aortic arch, and | differ with Shufford et al. on two points. All but one 
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Fig. 1.—Posteroanterior (A) and lateral (B) chest films in patient with 
typical form of right aortic arch, aberrant left subclavian artery arising from 
a diverticulum, and right descending aorta. (Case 2 in [2]). Diverticulum 
compresses esophagus from the left and posteriorly and on posteroanter- 
ior film may be mistaken for left-sided aortic knob. 
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Fig. 2.—Frontal aortogram in patient studied because of chest film 
diagnosis of mediastinal mass. A, early phase; B, later phase. There is 
circumflex right aortic arch and aberrant left subclavian artery. Circumflex 
nature of right aortic arch is readily apparent in frontal aortogram, and the 
fact that it courses to left mediastinum to descend on the left indicates 
retroesophageal passage as the only possibility. (Courtesy of M. L. Daves, 
Denver, CO) 


of these patients were studied with biplane aortography, usually with 
a right posterior oblique projection as well. | disagree with their 
statement that it is impossible to determine on frontal aortography 
the anterior or posterior relationship of the circumflex arch to the 
esophagus. Nor do | think that simultaneous barium esophagography 
is important in demonstrating this anomaly. In all my cases, it was 
readily apparent on the anteroposterior aortogram that the arch 
passed to the right of the trachea and had a circumflex course. 
Admittedly, in these cases, the left-sided component was lower than 
the right arch (Fig. 2). Their one aortogram shows both the proximal 
and distal portions of the arch to be at the same level, but this 
variation does not occur in any form of a left aortic arch, and, 
therefore, it can only be right aortic arch. This may be a small point, 
but comparing frontal aortography with the frontal chest film is more 
convincing to the clinician of the nature of the mass. In addition to 
the frontal projection, a lateral or steep right posterior (left anterior) 
oblique projection is useful but generally not necessary in making the 
diagnosis. 
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Also, this variation is not confined to patients with right aortic arch 
and an associated aberrant left subclavian artery, as Shufford et al. 
imply. In my eight cases, two had mirror-image branching (see pub- 
lished aortogram in [2]}); four had aberrant left subclavian artery [Fig. 
2]; and two had aberrant left innominate artery [3]. In the more 
common cases of right aortic arch with right descending thoracic 
aorta, 14 of 20 cases in which | have evaluated the aortograms had 
an aberrant left subclavian artery; the rest had mirror-image branch- 
ing. 

Julius H. Grollman, Jr. 
Little Company of Mary Hospital 
Torrance, CA 90509 
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Reply 


The case illustrated by Dr. Groliman is a different type of right arch 
from the ones we have reported. In his case the right and left 
components of the arch are at different levels. Essentially his case is 
a cervical right aortic arch. In our cases the right and left components 
of the arch are at the same level, and the curve of the aorta as it 
extends right to left is smooth and continuous. 

The purpose of our paper was to point out that a circumflex right 
aortic arch can resemble a left aortic arch with mediastinal widening, 
simulating a mass. We agree with Dr. Grollman that a barium swallow 
is quite sufficient for its diagnosis. 

However, if one does not suspect a circumflex right aortic arch 
and precedes with aortography, we wish to stress that the frontal 
aortogram may be misleading because the course of the aorta 
resembles a left arch (Fig. 2B, case 1, in our report). Dr. Grollman 
takes issue with our statement that it may be impossible to determine 


on the frontal aortogram whether the aorta is in front of or behind the. 


esophagus. We know of no way to determine the anterior-posterior 
relationship of the arch to the esophagus on the frontal aortogram. It 
is the branching pattern of the arch vessels that establishes the 
diagnosis of right aortic arch. If one knows that a circumflex right 
aortic arch is present, then one knows that the aorta passes behind 
the esophagus. 


In our reported cases of circumflex retroesophageal right aortic 


arch, the branching pattern of the arch vessels was that of an aberrant 
left subclavian artery. Our experience with right aortic arch and mirror- 
image branching has been quite different from Dr. Grollman’s. We 
have not encountered any cases of right aortic arch with mirror-image 


branching with a retroesophageal aorta. In.our experience with mirror- 


image right aortic arch, the descending aorta has always been on the 
right side. 

Wade H. Shuford 

Emory University School of Medicine 

Atlanta, GA 30322 


Significant Delayed Pneumothoraces 


In the recent article [1] discussing the timing of chest films after 
transthoracic needle aspiration, the authors state that no “significant 
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pneumothoraces” (defined as greater than 30% and requiring inter- 
vention) occurred more than 1 hr after the procedure. Perlmutt et al. 
conclude that a “chest radiograph obtained 1 hr after the procedure 
will detect 98% of pneumothoraces and identify all of those requiring 
intervention.” In the last year at our institution, we have had two 

“significant pneumothoraces” detected approximately 9 hr and 2 days 
after subclavian line placement in which no pneumothorax was seen 
on 1-hr post-procedure films. 

The placement of an introducer for subclavian line placement does 
require a larger-gauge needle (generally approximately 18 gauge); 
however, optimally it does not enter lung parenchyma. In the first 
case a radiograph taken approximately 1 hr after an uneventful left 
subclavian, triple-lumen catheter placement into the persistent left 
superior vena cava showed no pneumothorax. Approximately 10 hr 
later, the patient became short of breath and mildly hypotensive at 
which time a follow-up film showed almost complete collapse of the 
left lung and mild shift of the mediastinum consistent with a tension 
pneumothorax. The second case also had a normal chest radiograph 
after placement of a triple-lumen catheter. It was not until 2 days 
later when the patient complained of pleuritic chest pain after initiation 
of total parenteral nutrition through the subclavian catheter that a 
repeat film revealed an approximately 40% pneumothorax. Neither 
patient was on a ventilator during the time or had significant paren- 
chymal disease. 

These two cases certainly do not invalidate the excellent study by 
Perimutt et al., but point out what everyone must expect: there will 
be a few exceptions to prove every rule. 

Emily R. Fox 

Wallace T. Miller 

Hospital of the University of Pennsylvania 
Philadelphia, PA 19104 
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Reply 


We appreciate the comments of Doctors Fox and Miller regarding 
the occurrence of delayed pneumothorax after a percutaneous tho- 
racic procedure. Are they, however, comparing apples and oranges 
when relating a procedure that is performed blindly with a relatively 
large needie to one performed under fluoroscopic guidance with a 
small-caliber needle? As everyone has experienced, there are no 
absolutes in medicine, and we fully agree with their conclusion and 
so state in the last sentence of our paper. 

Louis M. Perlmutt 
Duke University Medical Center 
Durham, NC 27710 


Fluoroscopy of the Gastrointestinal Tract 


Carlson, in his article [1] on the small bowel examination in Crohn’s 
disease, emphasizes the importance of careful fluoroscopy and pal- 
pation for correct radiologic diagnosis. He also points out (correctly) 
that many radiology residents do not receive adequate training in 
fluoroscopy, and he makes a blunt statement that “most teachers 
are incapable of effectively and confidently performing diagnostic 
fluoroscopy” and that “some such teachers of high repute have said 
that the only usefulness of fluoroscopy was the proper positioning of 
the patient for films.” 

| concur with Carison’s opinion and with his remarks about the 
value of fluoroscopy. This opinion may be regarded as outrageous 
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by these teachers of “high repute” who have ignored the importance 
of fluoroscopy and have produced a generation of radiologists who 
lack the skills of fluoroscopy. 

Peristaltic activity plays an important role in the diagnosis of 
gastrointestinal disease. It can be studied fluoroscopically, by record- 
ing on video tape (which does not require any additional radiation) or 
by cinefluorography. Motility and peristalsis cannot be appreciated 
on single radiographs, in particular when glucagon or some other 
antiperistaltic drug has been used, as recommended by most advo- 
cates of double contrast studies. 

| wrote in 1967 [2], that “during fluoroscopy a static situation is 
built up to demonstrate normal or pathologic anatomy in a series of 
single films” and that “the films serve practically as documentation of 
the changes diagnosed at fluoroscopy, provided a good fluoroscopic 
technique is used." 

in 1983, | noted [3] that the value of fluoroscopy should not be 
downgraded or even excluded from residents’ training programs. 

My teacher, Olie Olsson in Lund, Sweden, required that al! diag- 
noses be made during fluoroscopy, even before the era of videofluo- 
roscopy (televised image-intensifier fluoroscopy). The resident who 
performed fluoroscopy had to note the findings on the requisition 
form. The resident could see the films only if his/her fluoroscopic 
observations were incorrect, when he/she was either called to the 
film-viewing-and-interpretation area to discuss erroneous findings or 
told to go back and come up with a correct diagnosis. Of course, 
vigorous manual palpation was required for a correct fluoroscopic 
conclusion. 

it is ironic that now, when the quality of modern image intensifiers 
permits the observation of lesions as small as 1 mm in the gastroin- 
testinal tract, fluoroscopy has been neglected in many institutions. 
Radiologists who believe that fluoroscopy should be used only for 
positioning of the patient should be reminded that first the lesion 
must be observed during fluoroscopy. Even slight changes in posi- 
tioning may decide if pathology can or cannot be demonstrated on 
films [4]. This is valid for both single and double contrast studies. 

Some radiologists will disagree with Carlson about the non-value 
of small bowel enteroclysis and with his remarks and my opinion 
about the diagnostic importance of properly performed fluoroscopy. 
These radiologists really do not examine the patient but only read the 
films. In my experience. an examination performed under careful 
fluoroscopic contro! will provide the same, or even more, Clinically 
important diagnostic information as a double contrast study (with 
possible exception for some very small colonic polyps) [3-5]. | believe 
that we should pay more attention to the training of residents in 
fluoroscopic skills, should not ignore the diagnostic value of fluoros- 
copy, and should not rely on radiographs obtained in standardized 
projections with either inadequate or no fluoroscopic control. 

Also, valuable fluoroscopy of 1-min duration can be performed with 
approximately the same absorbed integral radiation dose to the 
patient that results from the exposure required for one 35 x 35 cm 
film [6]. 

Dr. Carlson is to be congratulated for his fine article. 

Juri V. Kaude 
University of Florida College of Medicine 
Gainesville, FL 32610 
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More on Fluoroscopy of the Gastrointestinal Tract 


We agree with the statement by Dr. Carlson in his recent article 
on Crohn's disease that “detailed fluoroscopy and vigorous palpation 
should probably be revived.” Careful, knowledgeable fluoroscopy 
must be revived. 

The fluoroscopy-vs-films argument is the oldest controversy in 
radiology. Decades ago, however, knowledgebie radiologists con- 
cluded that optimal results are achieved by a combination of careful 
fluoroscopy and appropriate films. The atrophy of fluoroscopic skills 
referred to by Dr. Carlson is the result of at least three factors: (1) 
fewer gastrointestinal studies are being performed in many teaching 
hospitals, (2) many residents are taught fluoroscopy by teachers who 
were themselves never taught the full variety of fluoroscopic tech- 
niques, and (3) the past decade has witnessed an unfortunate deem- 
phasis of single-contrast techniques and their requisite fluoroscopic 
skills. 

We believe that the primary educational task in gastrointestinal 
radiology is that cf teaching residents how to fluoroscope patients 
actively and accurately. If fluoroscopy is properly performed, teaching 
the interpretation of films becomes an easy matter, and the resulting 
examinations benefit from the enormous information obtained during 
fluoroscopy. 

David W. Gelfand 

David J. Ott 

Bowman Gray Schooi of Medicine 
Winston-Salem, NC 27104 


Screening Mammography 


The agreement regarding recommendations for screening mam- 
mography is not as general as Dr. Hall suggests in his editorial [1] 
and certainly does not apply to women under 50 years of age. None 
of the screening studies cited have demonstrated a reduction in 
mortality to date for that age group. Possibly the most balanced 
statement is that of the American College of Physicians {2}. 

Another problem is the extremely variable natural history of breast 
cancer. Histologically similar, if not identical, cancers can behave in 
different ways in different patients [3]. Breast cancer is a disease of 
aging (10% of women will develop it during their lifetimes) with a 
rapid increase in prevalence until menopause (however, only 22% of 
breast cancers occur before age 50 and only 7% before age 40), 
suggesting that we are dealing with two diseases in which genetic 
elements have a greater role before age 50 and environmental factors. 
such as obesity and dietary fat. dominate thereafter [4]. 

Screening procedures should be sensitive, reasonably specific. 
safe, and inexpensive. As such, they will become widely available. 
which screening mammography is not today. Many of us do not 
know how effective or accurate we are with the procedure, and with 
few exceptions the examination is expensive. These and other factors 
suggest that the cost-effectiveness or affordability of compliance with 
the ACR/ACS guidelines is at least doubtful, especially for women 
under age 50 [5, 6]. Efforts to identify high-risk women (personal or 
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family history of breast cancer; previous biopsy, especially with 
proliferative breast disease with atypia [7]; a nipple discharge; a 
palpable mass) could improve this. 

Another problem is the inability to respond effectively, even if clear 
benefits and cost-effectiveness are demonstrated because of the lack 
of competent personnel and adequate facilities to provide optimum 
screening mammography at low cost. The idea of using paramedics 
to sort positive from negative screening mammograms to reduce 
costs is intriguing. To my Knowledge this has never been properly 
evaluated. 

It is difficult to generalize about a procedure that is so emotionally 
charged and so dependent on the skills of the radiologist and tech- 
nologist. We must evoke reproducible standards for quality assurance 
and determine our results and interpretative accuracy. The individual 
radiologist can do this with on-going careful pathologic correlations, 
as Dr. Hall as emphasized, but also by relatively simple data collection 
for accuracy determinations. A daily log to be completed at the time 
of interpretation of the mammograms should include: (1} the patient’s 
- name, age, and unit number; (2) nature and location of physical 
findings; (3) nature and location of mammographic findings, and an 
indication whether the findings are benign, malignant, or indetermi- 
nate. Arrangements should be made for clinical follow-up, especially 
pathologic information that includes the location, size, character, and 
cell type of all cancers and of any benign disease. With these data 
and correlations one can calculate sensitivity (false-negatives), spec- 
ificity (false-positives), and determine true-positive biopsy rates and 
sizes, if not the stages of the cancers including the percentages of 
minimal, stage |, and other stages of cancers detected. The most 
difficult part is getting the system in place. As Dr. Hall suggests, 
overinterpretation based on fear of litigation is a disservice. A low 
false-negative rate at the expense of a high false-positive rate and 
the anxiety, additional tests, and unnecessary biopsies that this 
creates is unconscionable. A high true-positive biopsy rate when 
most of the cancers are over 2 cm in size is certainly no accomplish- 
ment. 

Mammography is not an independent procedure [8]. Although 
mammography can detect breast cancer before it can be felt, to a 
lesser .degree the opposite is also true. In our zeal to promote 
mammography we should not forget that it is a complementary 
procedure. It is part of the total evaluation of the patient, which 
includes clinical information, physical findings, and possibly laboratory 
data. The collaboration of clinician, surgeon, radiologist, pathologist, 


and oncologist has been one of the intellectually and professionally | 


rewarding aspects of mammography. This on-going experience can 
materially improve confidence, competence, and accuracy with the 
procedure. It can also result in a sharing of responsibility in the 
management of the individual patient and can significantly reduce the 
likelinood of litigation. 

Concerns, if not reservations, remain regarding the role of screen- 
ing mammography, especially in women under age 50. The immediate 
challenge is to provide ‘highest-quality images that are accurately 
interpreted at a reasonable cost [9, 10]. The latter may be the single 
greatest deterrent to the use of screening mammography today. 

Robert McLelland 
University of North Carolina at Chapel Hill 
Chapel Hill, NC 27514 
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Reply 


Dr. McLelland is correct in emphasizing that there is no general 
agreement as to the indications for screening mammography. The 
American Cancer Society, the American College of Radiology, the 
National Cancer institute, the American College of Obstetrics and 
Gynecology, and the American Academy of Family Physicians all have 
similar policy statements recommending baseline mammograms at 
age 35 to 40, variable interval examinations until age 50, and annual 
mammography thereafter. The American Medical Association and the 
American College of Physicians have less specific and generally more 
restrictive: recommendations, particularly for women under age 50 
with no risk factors [1, 2]. Obviously, the ‘opinions and practices of 
individual physicians are far more variable. 

Controversy about screening mammography in women age 40 to 
50 arises from the fact that, although there is a decrease in mortality - 


-from breast cancer in these individuals, the reduction has not 


achieved statistical significance [3-5]. Premenopausal breast carci- 
nomas are relatively aggressive and yet screening mammograms in 
these women are generally recommended at only 2- to 3-year inter- 
vals. Annual screening of women 40-50 years old might result in the 
diagnosis of more early-stage carcinomas, with fewer advanced 
tumors being detected by paipation in the interval between mammo- 
grams. On the other hand, screening intervals of greater than 1-year 
may be as effective as annual examination in most postmenopausal 


. women whose breast cancers appear to have slower doubling times. 


This is suggested by the report of Tabar et al. [5] who, in a random- 
ized controlled trial, showed a 31% reduction in mortality in women 
over 50 who underwent screening mammograms every 2 to 3 years. 

If these assumptions are confirmed, screening mammography 
might be performed more frequently than presently recommended in — 


women 40-50 years old and less frequently in women over 50. The 


overall effect, a reduction in the total number of examinations and 
costs, is important. It is the cost-effectiveness of screening mam- 
mography that will determine its eventual use; its benefits are un- 
questioned. 

‘ My editorial concerned primarily the large number of breast biop- 
sies and preoperative localization procedures resulting from false- 
positive mammographic interpretations. These indirect costs of 
screening mammography often relate to a lack of experience by the 
mammographer or to medicolegal considerations. The related issue 
of reducing the cost of individual screening mammograms has been 
recently addressed by Sickles et al. [6]. My suggestion was to have 
paramedical personnel screen and-selectively read mammograms . 
done in busy screening clinics. Obviously, this could substantially 
reduce costs and | have little doubt that it could be done without 
compromising the quality of interpretation. Documentation of the 
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effectiveness of such a program would be relatively easy and, indeed, 

receiver-operating-characteristic analyses for the interpretation of 

mammograms by radiologists and partially trained nonradiologic per- 

sonnel have been published ({7], Lusted LB, personal communica- 

tion). However, implementing such a program in the present medi- 

colegal climate, and when many think that there is an oversupply or 
impending oversupply of radiologists, would be difficult. 

Ferris M. Hall 

Beth Israel Hospital 

Boston, MA 02215 


REFERENCES 


1. Council on Scientific Affairs of the American Medical Association. 
Early detection of breast cancer. JAMA 1984:252:3008-3011 

2. Health and Public Policy Committee, American College of Phy- 
sicians. The use of diagnostic tests for screening and evaluating 
breast cancer. Ann Int Med 1985;,103: 143-146 

3. Shapiro S, Venet W, Strax P, Venet L, Roeser R. Ten- to 
fourteen-year effect of screening on breast cancer mortality. J 
Nati Cancer Inst 1982;69: 349-355 

4. Verbeek ALM, Hendriks JHCL, Holland R, Mravunac M, Stur- 
mans F, Day NE. Reduction of breast cancer mortality through 
mass screening with modern mammography: first results of the 
Nijmegan project, 1975-1981. Lancet 1984;1:1222-1224 

5. Tabar L, Fagerberg CJG, Gad A, et al. Reduction in mortality 
from breast cancer after mass screening with mammography: 
randomized trial from the Breast Cancer Screening Working 
Group of the Swedish National Board of Health and Welfare. 
Lancet 1985;1:829-832 

6. Sickles EA, Weber WN, Galvin HB. Ominsky SH, Sollitto RA. 
Mammographic screening: how to operate successfully at low 
cost. Radiology 1986:160:95-97 

7. Lusted LB. Signal detection theory in the early diagnosis of 
cancer. In: Kessler ll, ed. Cancer control: contemporary views 
on screening, diagnosis and therapy. Baltimore: Univ. Park Press, 
1980:105-118 


IA-DSA and Rupture of Thoracic Aorta 


In their recent article, Mirvis and coworkers [1] emphasize the use 
of intraarterial digital subtraction angiography (IA-DSA) in the diag- 
nosis of presumed rupture of the thoracic aorta after blunt chest 
trauma. They believe it to be the method of choice because it is 
faster, less costly, and as accurate as conventional film-screen angio- 
grams. But even in IA-DSA it is necessary to cross the damaged 
aorta and to pass a catheter through this portion of the vessel, 
manipulations that may lead to additional injuries to the vessel wall. 
Therefore, we replaced conventional aortography in this special sub- 
set of patients with IV-DSA and published our first promising results 
in 1983 [2]. Since then all patients with suspected traumatic laceration 
of the aortic arch have undergone only [V-DSA, except two cases in 
which questionable results of the IV studies necessitated an intraar- 
terial study. According to the clinical follow-up of the patients, we 
missed no lacerations and all positive DSA findings were proven 
correct at surgery. Our policy is to do only an IV study, and to rarely 
perform an intraarterial study, if the IV-DSA is unrevealing. Obviously, 
the IV approach is faster and less costly than the IA-DSA, and, as an 
additional advantage, it carries virtually no risk and doesn’t require a 
skilled angiographic team. 

Mirvis and coworkers in their study used undiluted 76% megiumine 
diatrizoate for their IA-DSA studies in a quantity of up to 44 ml. 
According to our experience [3, 4] it is not necessary to use such 
high concentrations of contrast medium in intraarterial studies. The 
high contrast resolution of the current available DSA-units allows the 
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use of diluted contrast-medium (1:1 up to 1:3 with isotone saline} in 
intraarterial studies without any reduction of the diagnostic inforrna- 
tion. There are two advantages to using diluted contrast medium. 
The first is a substantial reduction in the cost of contrast material, 
especially when nenionic compounds are used. The second is the 
reduction of the risk of nephrotoxic effects due to high doses of 
contrast medium and (in ionic compounds) the reduction of side 
effects that are due to the high osmolarity of the ionic contrast 
medium (i.e., heat sensations, pain, vasospasm). In virtually all intra- 
arterial digital studies we use diluted contrast medium. According to 
our experiences, the use of diluted contrast medium results in a 
better diagnostic quality than the use of a reduced amount of undi- 
luted contrast medium, probably because the higher injection volume 
of the former allows a more homogenous opacification of the ves- 
sel(s). 
Klaus Rauber 
Kliniken der Johann Wolfgang Goethe Universitat 
Frankfurt/Main, West Germany 
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Reply 


Dr. Rauber first notes the possibility of further damaging an already 
injured aorta by passing a catheter through the injured region. Such 
damage is certainly a theoretical consideration. However, to our 
knowledge, not one report substantiates aggravation of traumatic 
injury to the aorta due to catheter manipulation, even though aortag- 
raphy has been the standard for establishing the diagnosis of trau- 
matic aortic rupture for many years. This is not a valid reason to 
avoid aortography. 

Dr. Rauber states that all patients admitted to his institution with 
suspected traumatic aortic rupture are examined by IV-DSA and that 
he has found this method to be accurate. We have had extensive 
experience with IV-DSA for both carotid and renal-artery imaging and 
have found that the contrast density. even using right atrial injections 
with a high volume of 76% meglumine diatrizoate, is so inadequate 
that images are not diagnostic. Dr. Rauber does not say how many 
patients he has studied in this fashion, but he does mention that in 
two cases questionable results necessitated additional arterial injec- 
tions. This suggests that at least in some portion of his cases, the 
images were also inadequate by the IV approach. 

We agree that if there were some major cost, safety, or time- 
saving advantage to using IV-DSA rather than the arterial route, this 
approach might be worth pursuing. However, in our hands, the 
introduction of a small intraarterial catheter takes no longer than the 
introduction of a catheter into the superior vena cava or right atrium, 
and the procedure is essentially without complication. Further, we 
believe that the so-called “invasiveness” and risk of introducing a 4- 
or 5-French catheter into the femoral artery is enormously exagger- 
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ated. On the other hand, the risk of introducing a catheter into the 
vena cava or right atrium is probably underestimated [1-3]. Therefore, 
we do not consider the !V route to be particularly advantageous in 
terms of time, safety, or cost. Also, in general it takes more, not less, 
contrast material to perform an IV rather than an intraarterial study, 
a further reason to prefer the arterial route. 

As noted in our article, the ability to study quickly the great vessels 
in the head and neck without catheter exchange and, when neces- 
sary. to assess rapidly abdominal viscera for injury with or without 
selective injections is an additional advantage of IA-DSA over IV-DSA 
in assessing victims of multi-system trauma. 

Finally, we will not take issue with Dr. Rauber’s point that intraar- 
terial studies of the thoracic aorta can be obtained by using more 
dilute contrast medium. This point was not addressed by our study 
and it may indeed be the case that less concentrated medium would 
have been adequate. 

Stuart E. Mirivs 

S. Osher Pais 

University of Maryland Hospital 
Baltimore, MD 212017 
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Tracheal Dimensions in Childhood 


As an anesthesiologist, | was interested in the recent publication 
by Griscom and Wohl [1]. The dimensions of the trachea are important 
to the anesthesiologist in the selection of appropriately sized tracheal 
tubes for children, and to the radiologist in the assessment of tracheal 
abnormalities. Previous studies reported in anesthetic and other 
literature have assessed tracheal size at postmortem [2], or by the 
use of endotracheal tubes or sounds [3-5]. The results of these 
studies have been plotted with those of the CT study (Fig. 1). By 
assuming a Straight-line relationship between age and tracheal size. 
a line of best fit was drawn for the data: the values for slope and 
intercept are shown in Table 1. As can be seen from Figure 1, the 
data derived by sounding of the larynx and trachea deviate from that 
of the CT-derived tracheal diameter. Because the anesthesiologist is 
mainly interested in the narrowest point of the airway, these dimen- 
sions may represent laryngeal (subglottic) rather than tracheal size. 
The selection of a tracheal tube for a given patient is made by 
reference to formulae relating size to age. The correct size tube may 
be one size larger or smaller than this estimate. The two most used 
formulae ({age/4] + 4 or [age/4| + 4.5) refer to the size of tube in 
terms of internal diameter. This rather curious practice has arisen 
from the anesthesiologist’s concern with airway resistance rather 
than external dimensions. The internal diameters for tubes selected 
in this way equate with the external diameters given by the formulae 
in Table 2. 

Airway size is more closely related to height than age. but the 
. Jatter is more convenient to use. Our purpose here is to suggest that 
_. a,similar formula would be useful to the radiologist to compare 

ween measured and predicted tracheal size or to assess the 
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Fig. 1.—-Tracheal diameter in children in relation to age as measured 
by CT, tracheal sounds, and at postmortem. Data are from references as 
follows: circle, [1}; equilateral triangle, [2]; closed square, [3]; isosceles 
triangle, [4]; open square, [5]. 


TABLE 1: The Relation Between Tracheal Diameter and Age— 
Slope, Intercept, and Correlation Coefficient (r) for Lines of Best 
Fit 





No. 
Reference of Slope Intercept r 
cases 
1 81 0.6 5.09 1.00 
4 3956 0.44 5.29 0.95 
2 24 0.48 4.02 0.94 
3 452 0.41 5.39 0.99 
5 2380 0.38 5.56 0.98 





TABLE 2: External Diameter of Portex Endotracheal Tubes 
Related to Formulae for Internal Diameter Based on Age 





internal Diameter (mm) External Diameter (mm) 


(age/4)+4.0 (0.33xage)+55__ 
(age/4) + 4.5’ 


(0.35 x age) + 6.04 








airway for intubation. Mostafa [5] has shown that 98% of the patients 

were successfully intubated with an endotracheal tube with internal 

diameter equivalent to (age/4) + 4. On the basis of these data it 

would seem appropriate to consider the trachea to be narrowed if its 
minimum transverse diameter is less than (0.33 x age) + 5.5 mm. 

C. Nixon 

University College Hospital 

London, England 


AJR: 147, November 1986 
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Reply 


We believe that the discrepancies, which occur only after about 5 
years of age, between the tracheal diameters we found and those 
that Dr. Nixon cites, represent real differences. We relate those 
differences to the different conditions under which the measurements 
were made. 

Most of our subjects less than 5 years old were examined asleep, 
and lung volumes were correspondingly low. At those ages there is 
reasonable agreement between our data and the sources Dr. Nixon 
cites; those diameters were also obtained at low lung volumes. 

However, in older subjects, our measurements were obtained from 
children who were awake and alert. At and above the age of 6 the 
measurements were made at or near total lung capacity (full inspira- 
tion). The cited articles analyzed diameters by measuring slices of 
tracheas removed at autopsy, by passing laryngotracheal sounds in 
children prepared for surgery, or by retrieving from anesthesia records 
the endotracheal sizes actually used during surgery; in other words, 
the children were deeply sedated, under general anesthesia, or dead. 
Those lower measurements, therefore, must have been made some- 
where near functional residual capacity or residual volume (i.e., deep 
in expiration). At low lung volumes one would anticipate smaller 
tracheal dimensions. 

Also, the anteroposterior and transverse diameters we reported 
are the averages of many CT sections. There was only slight section- 
to-section variation in these diameters, but those sections often did 
not include the subglottic larynx. The measurements in three of the 
articles cited record only the narrowest point found below the vocal 
cords, and that was often in the subglottic larynx, not in the trachea 
proper. 

We feel, therefore, that the diameters reported for middie and later 
childhood by Dr. Nixon's sources may well be correct for the circum- 
stances in which they were measured: low lung volumes, measure- 
ments usually limited to the narrowest point found (often the sub- 
glottic larynx). However, we also feel that our data do indeed accu- 
rately represent children’s tracheas under the circumstances of the 
study: awake and near full inspiration at age 6 and older, values 
averaged from many sections. Other workers, studying diameters |1, 
2| and cross-sectional areas [3] in healthy subjects by different 
radiographic and CT systems, have reported results similar to those 
reached by our approach. 

Thus, the discrepancies above age 5 emphasize the point that 
tracheal dimensions, as fluoroscopists have known for decades, vary 
with lung volumes and should be expected to be less when volumes 
are low. 

N. Thorne Griscom 
Mary Ellen B. Wohl 
Children’s Hospital 
Boston, MA 02115 
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Papaverine as a Coronary Vasodilator 


A recent article by Wilson and White [1] thoroughly and carefully 
documents the potential advantages of papaverine as a hyperemic 
stimulus in studies of coronary flow reserve. Although no serious 
adverse reactions were reported, and although we too nave experi- 
enced no significant adverse responses with this approach other than 
QT prolongation on electrocardiography and rare. transient ventricular 
arrhythmias, several potentially important clinical observations have 
recently been made. Pilla et al. [2] have reported an incompatibility 
of Hexabrix (Mallinckrodt, St. Louis, MO), a new, low-osmolality 
contrast agent, with papaverine. Mixture of the two agents caused 
formation of a white, amorphous precipitate. Mixtures of papaverine 
with Conray 60% (Mallinckrodt, St. Louis, MO) and Amipaque (Win- 
throp-Breon, New York, NY) failed to show any interaction. Reno- 
grafin-76 (Squibb, New Brunswick, NJ} produced a white suspension 
that disappeared after 1 to 2 min. The authors concluded that caution 
should be exercised when using papaverine and Hexabrix during 
angiography and that catheters should be flushed with saline between 
injections of these two agents. 

in view of these findings, we tested Renografin-76 and two for- 
mulations of Omnipaque (iohexol 300 mg!/ml and 350 magi/mi, Win- 
throp-Breon, New York, NY) with two lots of papaverine hydrochloride 
(Lilly, Indianapolis, IN) with pH = 6.8 and pH = 7.2. Contrast to 
papaverine ratios that were tested were 3:1, 2:1, 1:1, and 1:2. 
immediate and 12-hr observations were made. With the pH = 6.8, 
papaverine and Rerografin-76 caused a white suspension that was 
seen immediately and precipitation was noted in all dilutions within 
15 min to 12 hr. With the pH = 7.2, no immediate suspension was 
observed in any dilution although all tubes contained precipitate at 
12 hr. No immediate or late responses were noted with iohexol. 

Although the practical, clinical implications of these observations 
are unknown, it is important for angiographers to recognize these 
interactions, particularly during coronary angiography if coronary flow 
reserve is to be assessed in larger numbers of patients with papav- 
erine. The practice of flushing the papaverine dose with contrast 
medium should be discouraged. Some of the adverse clinical effects 
may be due to incompatibilities. We agree with the recommendations 
of Pilla et al. regarding the use of a saline flush between administration 
of Hexabrix and papaverine but would extend this recommendation 
even when Renografin-76 is used because of our observations when 
the more acidic preparation of papaverine was studied. Alternatively, 
agents such as iohexol might be preferabie in order to minimize any 
risks when elective or experimental assessments of coronary flow 
reserve are undertaxen. 

G. B. donn Mancini 

Mark J. McGillem 

University of Michigan Medical School 
Ann Arbor, MI 48108 
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Reply 


The discrepancy between our results and those of Dr. Mancini and 
his colleagues, when testing papaverine hydrochloride (HCI) (Lilly, 
Indianapolis, IN) with Renografin-76 (Squibb, New Brunswick, NJ), is 
apparently due to a pH difference in the papaverine HCI solutions. 
We have tested the pH of several vials of papaverine HCI (expiration 
date July 1, 1989) and have found them to vary from 3.6 to 3.7. The 
manufacturer states only that the pH of papaverine HC! has been 
adjusted to greater than 3. in view of these findings, iohexol (Win- 
throp-Breon, New York, NY) may be the preferred agent when 
papaverine HCI is used during an angiographic procedure. We will 
soon publish our results concerning the compatibility of other drugs 
used in angiography with contrast agents including the new low- 
osmolality agents. 

Thomas J. Pilla 

Shirley E. Beshany 

John B. Shields 

John R. Martin 

St. Louis University Medical Center 
St. Louis, MO 63104 


Incompatibility of Hexabrix and Papaverine 


In the June 1986 issue of the AJA, Pilla et al. [1] reported that 
ioxaglate-Hexabrix and papaverine precipitated upon contact. This 
chemical phenomenon was noticed previously by many users of 
Hexabrix in Europe when this contrast material was introduced (the 
first clinical trials in 1976; commercially available in 1979). 

Since the manufacturer warned of this reaction with its recommen- 
dations for use, it is surprising that this reaction has only now been 
recognized in the American literature. 

The use of papaverine as a vasodilator during angiographic ex- 
amination is classic. We have performed hundreds of visceral angio- 
graphic investigations with papaverine and ioxaglate without incident. 

Papaverine is used also in the radiologic investigation of impotence. 
Intracavernous injection of 60 mg of papaverine produces an intense 
arterial vasodilatation and an increased resistance of the venous 
outflow of the corpora cavernosa leading to an erection in normal 
potent man [2]. Pudendal arteriographies are now realized under local 
anesthesia with Hexabrix after intracavernous injection of papaverine. 
Intracavernous injection of papaverine is also used during caverno- 
sographies without complications [3]. 

Our experience has shown that the use of these two components 
is safe if papaverine is not mixed directly with ioxagiate. When 
papaverine is injected alone and flushed with normal saline 30 sec 
before the injection of Hexabrix, no complications occur. 

C. Delcour 

Hospital Erasme 

Universite Libre de Bruxelies 

Route de Lennik 808 B-1070 Bruxelles 
Belgium 
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Reply 


The statement that the manufacturer recommends that Hexabrix 
not be mixed with any other substance is true. However, in the 
English recommendation provided by the manufacturer it states only 
that Hexabrix should not be mixed with any chemical substance in 
the same syringe. Our resident noted precipitation when papaverine 
HC! was injected through a catheter and then flushed with Hexabrix. 
This led to our study. Thus, the point of our article is that a saline 
flush is mandatory after injecting papaverine HCI before test-injecting 
with Hexabrix. Also, by diluting Hexabrix in 25 ml of normal saline, 
the possibility of any interaction between Hexabrix and papaverine 
HCI due to dead space within the catheter is further decreased. 
Hexabrix should never be used as a flush for any pharmacologic 
agent injected through a catheter before thorough flushing with a 
saline solution. We have contacted the manufacturer of Hexabrix and 
recommended that they revise their brochure supplied with the drug. 

Also, you have failed to cite a reference to any article that describes 
this incompatibility, even though- you state that it was observed 
several years ago in Europe by other clinical investigators. While we 
agree that papaverine HC! has been used for many years as a 
vasodilating agent in a variety of circumstances, none of the major 
textbooks in the English language, describing its administration, 
points out the possible adverse effects that may occur if contrast 
agents {i.e., Hexabrix) are used to flush papaverine HCI through a 
syringe [1, 2]. 

Thomas J. Pilla 

Shirley E. Beshany 

Michael K. Wolverson 

Supranee Tantana 

John R. Martin 

St. Louis University Medical Center 
St. Louis, MO 63104 
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Sickles and Weber wrote a reply to a letter to the editor in the October 1986 issue of AJR (AJR 1986; 147:861-862); in publication of that reply, a typographic 
error was made. In the last paragraph of the reply, the first word in the fifth line should be “complex” instead of “complete.” Therefore, the sentence should read, 
“For conventional mammography practices that mix complex cases with screening examinations, we strongly recommend our protocoliof limiting grid use to women 


with thick or dense breasts.” AJA regrets the error. 


Physician’s Imaging Courses 1986/87 


The Dept. of Radiology, University of California, San Diego, Medical 
Center offers a 1- to 8-week program for physicians interested in 
updating their knowledge in diagnostic sonography—including ca- 
rotid Doppler, or a combination of sonography-abdominal CT, and/or 
interventional radiology. Sonography and sonography~—abdominal CT 
are offered weekly; abdominal CT alone is offered as an independent 
rotation. Interventional radiology is available any week throughout 
the year as arranged with Dr. Eric vanSonnenberg. Trainees may 
choose to concentrate on one specialty at a time or two or three 
together in the same session. Category 1 credit: 40 hr/week attend- 
ance. Information: Elizabeth Novak, Ultrasound Division, UCSD Med- 
ical Center, 225 Dickinson St., San Diego, CA 92103; (619) 543- 
6657; or to arrange participation in interventional radiology, call Dr. 
Eric vanSonnenberg (619) 543-6604. 


` Radiology and Early Colon Cancer Workshop 


The Radiology Dept., Hospital of the University of Pennsylvania, 
will sponsor 3-hr workshops to acquaint radiologists and radiogra- 
phers with screening programs for colorectal cancer and to provide 
data supporting the primary role of radiology. Dates and locations: 
Nov. 1, Montreal: Nov. 3, Milwaukee; Nov. 5, Seattle: Nov. 8, St. 
Louis; Dec. 11, Dallas; Dec. 13, New Orleans; Dec: 15, Birmingham; 
March 30, Denver. Category 1 credit: 3 hr (pending). Fee: $75: 
physicians; $35: technologists. Information: Janice L. Ford, Continu- 
ing Education Coordinator, Hospital of the University of Pennsylvania, 
3400 Spruce St./G1, Philadelphia, PA 19104; (215) 662-4000. 


Magnetic Resonance Imaging Seminar 


The Continuing Education Committee of the Los Angeles Radio- 
logical Society announces a 2-day seminar in recent advances in MR 
imaging, Nov. 15-16, Century Plaza Hotel, Los Angeles, CA. Cate- 
gory 1 credit: 10 hr. Fee: $200: regular registrants; $175: LARS 
members; $125: residents (letter required); $125: technologists. 
Guest faculty: W. Bradley, B. Drayer, V. Haughter, A. Mancuso, R. 
Peshock, and J. Weinreb. Information: Attn. Diane L. Johnson, Los 
Angeles Radiological Society-MRI, P.O. Box 91215, Los Angeles, 
CA 90009-1215; (213) 642-0921. 


Open Interim Meeting, RSNA 


The Section on Radiology of the National Medical Association 
invites all interested radiologists and radiologic physicists to partici- 
pate in its Open Interim Meeting during the meeting of the Radiological 
Society of North America in Chicago. The meeting begins 6 p.m. on 
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Tuesday, Dec. 2 at the McCormick Center Hotel. Buffet served. 
Information: A. Oestreich, M.D., Radiology, Children’s Hospital, Cin- 
cinnati, OH 45229; 513-559-4255. 


Quantitative Thallium Myocardial Tomography 


Emory University School of Medicine, Dept. of Radiology, an- 
nounces a course designed for cardiologists, radiologists, and nuclear 
medicine physicians to familiarize them with basic principles and the 
clinical utility of quantitative thallium tomography, to be held at Emory 
University, Dec. 12-15. Information: Betty A. Allen, CME Program 
Coordinator, Emory University School of Medicine, Woodruff Health 
Sciences Center Administration Building, 1440 Clifton Road, N.E., 
Atlanta, GA 30322. 


Nuclear Medicine Update: 1987 


The Dept. of Radiology, Hospital of the University of Pennsylvania, 
announces a:conference on nuclear medicine update for Jan. 19-22, 
1987. Guest faculty: H. Berger, C. Gallagher, T. C. Hill, P. T. Makler, 
and A. Nunn. Category 1 credit: 20 hr (applied for). Fee: By Nov. 19, 
$395: physicians; $295: residents; $195: technologists. After Nov. 
19: $445: physicians; $345: residents; $245: technologists. informa- 
tion: Janice Ford, CME Coordinator, Dept. of Radiology, Hospital of 
the University of Pennsylvania, 3400 Spruce St., Philadelphia, PA 
19104; (215) 662-6904 or (215) 662-6982. 


interventional Radiology and Didactic Imaging 


The Dept. of Radiology, The Alexandria Hospital, announces a 
postgraduate course on interventional radiology and didactic imaging: 
Radiology 1987, Jan. 24-30, in St. Thomas, U.S. Virgin Islands. 
Faculty: E. M. Druy, B. Katzen, M. Reeder, E. J. Ring, A. R. Ross, 
and D. Schwarten. Category 1 credit: 24 hr (pending). Fee: $400. 
Information: Pam Donais, Dept. of Radiology, The Alexandria Hospi- 
tal, 4320 Seminary Rd., Alexandria, VA 22304; (703) 379-3102. 


Advanced Course in Diagnostic Imaging 


The Academy of Medicine, Singapore, will hold an advanced course 
in diagnostic imaging in Singapore, Feb. 8-13, 1987. The course will 
emphasize MR and interventional radiology. Guest faculty: D. Allison, 
W. S. C. Hare, R. Herfkens, B. Katzen, J. K. T. Lee, F. Werhli, and 
B. Worthington. Infecrmation: Lenny Tan, Academy of Medicine, P.O. 
Box 694, Tiong Bahru Post Office, Singapore 911, Republic of 
Singapore. 
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Sun Valley Imaging 


The Third Annual Sun Valley imaging meeting will be held Feb. 
14-21, 1987, in Sun Valley, ID. Reviews and discussions of the latest 
developments in sonography, CT, MR imaging, and interventional 
radiology will be included. Faculty: H. J. Burhenne, P. L. Cooperberg, 
G. Gamsu, G. R. Leopold, C. R. B. Merritt, A. A. Moss, W. Thompson. 
Category | credit: 20 hr. Fee: $425. information: Sun Valley Imaging, 
665-810 West Broadway. Vancouver, B.C., Canada. V5Z 4C9; (604) 
875-4340. 


EIGHTH ANNUAL INTERMOUNTAIN IMAGING 
CONFERENCE 


The Intermountain Imaging Conference, sponsored by the Depart- 
ment of Radiology, the Medical College of Wisconsin, will be held 
Feb. 14-21, 1987, at Snowmass, CO. This 6-day program is designed 
to appeal to the physician interested in the application of digital 
imaging to clinical problems. Morning lecture and afternoon seminar 
sessions will explore the use of computer-based imaging systems in 
problem solving and their relationship to other conventional diagnostic 
techniques. The large number of simultaneous afternoon sessions 
will allow a wide variety of subject matter and a choice of programs. 
Guest faculty: P. O. Alderson, P. C. Freeny, P. Fritzsche, A. Hasso, 
R. P. Schwenker, E. vanSonnenberg, D. D. Stark, and F. W. Wehrli. 
Category | credit: 33 hr. Fee: $450. Information: Thomas L. Lawson, 
M.D., Dept. of Radiology, Milwaukee County Medical Complex, 8700 
W. Wisconsin Ave., Milwaukee, WI 53226; (414) 257-6024 or (414) 
257-7201. 


Postgraduate Course in Diagnostic Imaging 


Duke University, Dept. of Radiology, will present a 5-day postgrad- 
uate course in diagnostic imaging, Feb. 14-21, 1987. in Cancun, 
Mexico. It is designed to update participants in newer imaging tech- 
niques in diagnostic radiology, including MR, nuclear medicine, so- 
nography, angiography, and general radiology. Category 1 credit: 22 
hr. Fee: $450: physicians; $300: trainees. Information: Carl E. Ravin, 
M.D., Dept. of Radiology, Duke University Medical Center, P.O. Box 
3808, Durham, NC 27710; (919) 681-2711, Ext. 226, 227. 


University of Arizona Postgraduate Practical 
Radiology Course 


The Dept. of Radiology at the University of Arizona will hold its 
annual postgraduate course Practical Radiology, Feb. 16-19, 1987, 
at Loews Ventana Canyon Resort, AZ. Category 1 credit: 17 hr. 
Information: Office of Medical Education, Arizona Health Sciences 
Center, Tucson, AZ 85716; (602) 626-6707. 


Mammography: A Practical Approach 


A course devoted to mammographic interpretation will be held in 
Aspen, CO, Feb. 16-20, 1987. Faculty: M. J. Homer. Category 1 
credit: 14 hr. Fee: $450. Information: S. Hemley, M.D., Dept. of 
Radiology. 145 Westchester Ave., White Plains, NY 10601; (914) 
682-0700 Ext. 318. 


Sonomammography 


The Division of Diagnostic Ultrasound, Thomas Jefferson University 
Hospital, will sponsor an intensive program emphasizing automative 
scanning with topics ranging from acoustic principles through ad- 
vanced differential diagnosis of breast abnormalities, Feb. 16-20, 
1987. Category 1 credit: for doctors: 19.5 hr/3 days; for technolo- 
gists: 29 hr 5 days. Fee: $375: doctors; $525: technologists. Infor- 
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mation: Thomas Jefferson University Hospital, Seventh Floor Main 
Building, 10th and Sansom Sts., Philadelphia, PA 19107; (215) 928- 
8533. 


Radiologic-Pathologic Concepts in Diagnostic 
Radiology 


The Ninth Annual Radiologic-Pathologic Concepts in Diagnostic 
Radiology will be presented by the Radiological Alumni of the AFIP 
at the Contemporary Resort Hotel in Walt Disney World, Lake Buena 
Vista, FL, Feb. 19-23, 1987. Lectures will emphasize pathologic 
correlation of diseases of the chest, abdomen, breast, and skeleton. 
Two sessions will be devoted to CT and MR of the chest and 
abdomen. Category 1 credit: 21 hr. Fee: $400: physicians; $300: 
residents/fellows. Information and registration: James C. Reed, M.D., 
Radiologic-Pathologic Concepts, Box 2065, New Bern, NC 28560. 


Medical Imaging Conference in the High Sierras 


The American College of Medical Imaging will hold a continuing 
medical education meeting, The eighth Annual Winter Conference in 
the High Sierras, Feb. 22-27, 1987, at Lake Tahoe, NV, at the 
Caesars Tahoe Hotel. Faculty: M. H. Gado, C. Kerber, T. P. Naidich, 
M. A. Weinstein. Program director: Allan M. Mannheim. Category 1 
credit: 25 hr. Fee: $450; daily registration available at $125. Infor- 
mation: American College of Medical Imaging, 433 N. Camden Dr., 
#600, Beverly Hills, CA 90210. 


Masters Diagnostic Radiology Conference 


The University of Hawaii at Manoa will hold its sixth annual Masters 
Diagnostic Radiology Conference, Feb. 22-27, 1987, at the Royal 
Lahaina Resort and Hotel, Kaanaapali Beach, Maui, Hawaii. The 
program will include lectures and discussions in the fields of chest, 
skeletal and interventional radiology, CT, MR, sonography, and nu- 
clear medicine. Faculty: T. G. Lee, L. R. Muroff, M. M. Reeder, P. 
Sheedy, and E. G. Theros. Workshops in fetal sonography, CT, and 
nuclear bone scanning will be presented. Program chairman: Maurice 
M. Reeder. Category 1 credit: 25 hr. Fee: $495: physicians; $350: 
residents and fellows. Information: M. M. Reeder, M.D., Dept. of 
Radiology, University of Hawaii School of Medicine, 1356 Lusitana 
St., Room 502, Honolulu, HI 96813; (808) 531-6471. 


Practical Radiology 1987 


The Dept. of Radiology, University of British Columbia, will sponsor 
a course for practicing radiologists at Whistler, a ski resort 75 miles 
from Vancouver, BC, Canada, March 1-6, 1987. Faculty: C. Putman, 
D. Resnick, C. Rohrmann, Jr., and faculty of the Dept. of Radiology, 
UBC. Category 1 credit: 21 hr. Fee: $325 US: physicians; $200 US: 
residents and fellows. information: H. Joachim Burhenne, M.D., Dept. 
of Radiology, Vancouver, BC, Canada V5Z 1M9; (604) 875-4355. 


Intermountain Imaging Conference-Extension 


The Dept. of Radiology, Medical College of Wisconsin, will sponsor 
its second annual Intermountain Imaging Conference March 1-7, 
1987, at Snowbird, UT. The 5-day program is designed for the 
physician interested in in-depth discussion of common problems in 
digital imaging. Topics have been selected because of their potential 
for differing opinions in imaging approach or difficulty in differential 
diagnosis. Faculty: L. R. Goodman, T. Lee, R. Vogelzang, and T. L. 
Lawson. Category 1 credit: 22 hr. Fee: $425. Information: Thomas 
L. Lawson, M.D., Dept. of Radiology, Milwaukee County Medical 
Complex, 8700 W. Wisconsin Ave., Milwaukee, WI 53226; (414) 257- 
6024 or (414) 257-7201. 
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Computed Body Tomography 1987-the Cutting 
Edge 


The Johns Hopkins School of Medicine will hold a seminar on 
computed body tomography March 5-8, 1987, at Peabody-Orlando 
Hotel, Orlando, FL. The seminar will provide a comprehensive review 
of recent advances in CT of the chest and abdomen, including the 
spine, with some correlation with MR. Faculty: M. E. Bernardino, M. 
A. Bosniak, E. K. Fishman, B. W. Gayler, V. M. Haughton, B. Jones, 
D. Magid, J. C. Scatarige, M. J. Siegel, S. S. Siegelman, P. M. Som, 
E. A. Zerhouni. Category 1 credit: 22 hr. Fee: $350: physicians; $175: 
residents and technologists (letter needed). Program directors: Elliot 
K. Fishman and Stanley Siegelman. Information: Program Coordina- 
tor, Office of Continuing Education, Turner 22, 720 Rutland Ave., 
Baltimore, MD 21205; (301) 955-5880. 


London Course in Whole-Body CT 


The Royal College of Radiologists (with possible sponsorship by 
the American College of Radiologists) will hold a course at the 
Gleneagles Hotel, Auchterarder, Perthshire, Scotland, UK, March 15- 
19, 1987. The program will consist of lectures and small tutorial 
groups that will cover mainly body CT and also incorporate MR where 
appropriate. Faculty: M. Bernardino, J. Heiken, R. Levitt, J. Walsh, 
A. Dixon, S. Golding, |. K. Fry, B. Kendall, D. Nicholas, R. Reznek, 
and P. Peters. Course director: Janet E. Husband. Fee: 470 pounds 
sterling (includes food for duration of course). Information: Janice 
O'Donnell, Dept. of Radiology, Royal Marsden Hospital, Downs Road, 
Sutton, Surrey, UK SM2 5PT. 


Uitrasound at Vail 


The eighth annual Ultrasound at Vail Meeting will be heid March 
22-28, 1987, in Vail, CO. This meeting will include reviews and 
discussions of the latest developments in diagnostic ultrasound. 
Faculty: P. L. Cooperberg, E. A. Lyons, M. L. Manco-Johnson, B. A. 
Carroll, and F. A. Manning. Category | credit: 20 hr. Fee: $425. 
Information: Ultrasound at Vail, PO Box 6093, Cherry Creek Station, 
Denver Co 80206-0093; (604) 875-4340. 


Diagnostic Angiography and Interventional 
Radiology 


The Society of Cardiovascular & Interventional Radiology will hold 
its 1987 12th annual postgraduate course at the Hotel Intercontinen- 
tal, San Diego, CA, March 23-26, 1987. Category 1 credit: 22 hr 
(submitted for approval). Fee: $395: physicians; $250: fellows, resi- 
dents, nurses, and radiologic technologists. information: for course 
and membership information: Society of Cardiovascular & interven- 
tional Radiology, P.O. Box 44113, Pittsburgh, PA 15205; (412) 921- 
2636. 


intrauterine Diagnosis and Treatment: the New 
Frontier 


The University of California, San Diego, School of Medicine an- 
nounces a conference on intrauterine diagnosis and treatment on 
April 2-4, 1987, at Hotel Intercontinental, San Diego, CA. AMA/CMA 
credit: up to 19.5 hr; ACOG: pending; American Academy of Pediat- 
rics: pending. Fee: to be announced. information: Office of Continuing 
Medical Education, M-017, UC School of Medicine, La Jolla, CA 
92093; (619) 534-3940 or (619) 452-3940. 
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The Asian-Oceanian Congress of Radiology 


The 5th Asian-Oceanian Congress of Radiology will be held Sept. 
21-25, 1987 at the Seoul Hilton International Hotel, Seoul, Korea, 
The official language will be English. The congress will sponsor 
scientific papers, scientific exhibitions, and technical exhibitions. ree: 
Before Dec. 31, 1986--$250 US: physicians; $106 US: residents/ 
trainees and accompanying persons. After Jan. 1, 1987--$300: 
physicians; $150: residents/trainees and accompanying persons. In- 
formation: Man Chung Han, M.D., Secretary General, The Sth Asian- 
Oceanian Congress of Radiology, Dept. of Diagnostic Radiology. 
Seoul National University Hospital, 28, Yunkun-dong, Chongro-ku, 
Seoul 110, Korea (K.P.O. Box 1880, Seoul 110, Korea}. Telex: SNUH 
K25501; Telephone: 745-6826, 7601-2514. 


American College of Radiology Announces 1986 
Gold Medal Winners 


Radiology's highest honor, the goid medal of the American College 
of Radiology, was awarded to Godfrey N. Hounsfield of Middlesex, 
Engiand; Elias P. G. Theros of Winston-Salem, NC; Simon Kramer of 
Philadelphia, PA; and James H. Christie of Albuquerque, NM at the 
College’s 63rd annual meeting in Baltimore, MD, Sept. 14-18, 1986. 

Godfrey Hounsfield won the 1979 Nobel Prize for Medicine for his 
invention of the computerized axial tomography (CT) scanner. The 
CT scanner is considered the most significant imaging advancement 
in 50 years. Educated in England, Hounsfield has been honored 
worldwide for his innovative work. 

Elias Theros served as registrar of the Registry of Radiological 
Pathology of the Armed Forces Institute of Pathology in Washington, 
DC, from 1966-1975. In addition to several academic appointments. 
Theros has published some 30 articles on diseases of the chest and 
skeletal system and has received numerous honors for his work. 

Simon Kramer, a recognized leader in radiation oncology, initiated 
and organized the Patterns of Care Study of Radiation Therapy in 
the United States. This unique study has been the basis for an 
important quality assessment program for radiation oncologists. Kra- 
mer served as chairman of the Radiation Therapy and Nuclear Med- 
icine department of the Thomas Jefferson Medical College in Phila- 
deiphia and led his department through a period of important growth. 

James Christie, serving as professor of radiology and chief of the 
Division of Nuclear Medicine at the University of New Mexico in 
Albuquerque, has made significant contributions to the University's 
Nuclear Medicine Department and, as a teacher of radiology, has 
instructed students at every level. Christie has also contributed to 
the field of radiology through his work with professiona! radiologic 
societies. 


Symposium Neuroradiologicum Fellowship Awards 


The Fellowship Awards were established in Washington, DC. 1982. 
by the President, Giovanni Di Chiro, and the Vice President, Hillier L. 
Baker, Jr., of the XII Symposium Neuroradiologicum. The first awards 
were presented at the XII Symposium in Stockholm for “the best 
original work by a radiologist relating to application of radiology and 
radiologic science to the study of the nervous system.” Selected 
were the following: Isabelle Berry, Department of Radiology, Univer- 
sity of Toulouse, Toulouse, France, and Department of Radiology, 
University of California, San Francisco; Robert R. Edelman, Depart- 
ment of Radiology, Massachusetts General Hospital, Boston; and 
Gerald V. O'Reilly, Department of Radiology, Beth Israel Hospital, 
Boston. Award winners received round-trip airfare to Stockholm, 
three days per diem, a cash prize, and a diploma. 

The following were the winning manuscripts: |. Berry, M. Moseley, 
|. M. Germano, N. Ishige, M. C. Nishimura, H. M. Bartkowski, L. H. 


Pitts, and L. M. Brant-Zawadzki. “Combined MRI and MRS in exper- 
imental regional injury of the brain: ischemia and impact trauma.” R. 
R. Edelman, V. J. Wedeen, K. R. Davis, and T. J. Brady. “Multiphasic 
MRI: a new method for direct imaging and quantitation of puisatile 
CSF flow.” G. V. O'Reilly, M. D. Forrest, R. H. Clarke, and W. C. 
Schoene. "Intravascular laser coagulation of experimental aneu- 
rysms.” 

In addition to the award papers, the following two manuscripts 
were selected for honorable mention: T. Yamaguchi, H. Sasaki, T. 
Ogawa, K. Mineura, K. Uemura, I. Kanno, F. Shishido, M. Murakami, 
A. Inugami, and S. Higano. “Relationship between tissue nature and 
(18-F) fluorodeoxygiucose kinetics evaluated using dynamic positron 
emission tomography in human brain tumor.” J. B. Rubin and D. R. 
Enzmann. “New concepts in magnetic resonance spine imaging: 
Exploiting CSF pulsation flow phenomenon.” The senior authors of 
the two honorable-mention contributions were given a cash award 
and a diploma. 


Presentations at NMA Meeting 


The ninth Annual Wiliam E. Allen, Jr., Memorial Lecture of the 
Section on Radiology at the National Medical Association was deliv- 
ered by Gatson J. Tarleton, Jr., of Nashville at the annual meeting of 
the NMA, in New York, July 23, 1986. The winner of the Resident/ 
Fellow Paper Competition at the meeting was Catherine Brown of 
the University of California at Los Angeles. 


Election Results 


On May 4, 1986, at the annual meeting of the Society of Urora- 
diology held in The Hague, the following officers were elected: Robert 
R. Hattery, President; Robert L. Lebowitz, President Elect; Bruce L. 
McClennan, Secretary/Treasurer, and N. Reed Dunnick, Board of 
Directors. 


Meeting and Course Review 


For reader convenience, a summary of upcoming meetings and 
courses is provided. Detailed listings in the AJR issues are noted in 
parentheses. 


UC San Francisco Courses; Diagnostic Radiology Seminars, Nov. 
3~7, 1986, Maui Marriott Resort, Maui, Hawaii; Jan. 19-23, 1987, 
Camino Real, Ixtapa, Mexico; Feb. 1-6, 1987, The Gant, Aspen, CO; 
Feb. 22-27, 1987, Shadow Ridge, Park City, UT; Diagnostic Imag- 
ing: 1987, March 16-21, 1987, Waiohai, Kauai, HI (all Oct) 
Weekend courses. Frontiers in Chest Diagnosis, Bone and Geni- 
tourinary Imaging, Nov. 3-7, Marbella, Spain (Feb) 

Diagnostic Radiology Seminar, Nov. 3-7, Maui, HI (July) 
University of Texas Continuing Medical Education, Sixth Semi- 
Annual Fundamentals of MRI, Nov. 5-8; Radiation Safety Officer's 
Course, Jan. 5-9, 1987, or May 18-22, 1987; Radiotherapy Treat- 
ment Planning Anatomy, Jan. 26-30, 1987; Basic Radiologic 
Health, Feb. 9-13, 1987; Review of Radiation Calculations, Feb. 
16-18, 1987; Advanced Tan Pegie Health, May 11-15, 1987; all 
San Antonio, TX (all Sept)>: 3 rsin 

Intervention Radiology for- Practicing. i aiai Nov. 5-7, 1986, 
Charleston, SC (Sept). -7 7,19 BR's 

Courses in Diagnostic Ultrasound, Nov. 7, Winston-Salem, NC (July) 
Gastrointestinal Cancers, conference, Nov. 12-14; Houston (May) 
Progress in Impotence: Diagnosis and Therapy, Nov. 13-15, 1986, 
San Diego (Oct) 

Radiology Seminar, Gastrointestinal peat Nov. 
Scottsdale, AZ (Aug) 

Brachytherapy of Choroidal Melanoma, Nov. 20-21, New York 
(Aug) 

American Radiological Nurses Association Meeting, Nov. 29- Dec. 
3, 1986, Chicago (Oct) i 


14-16, 


international Continuing Medical Education Series: Controversies 
in Medicine & Neurology, Dec. 2-9, 1986, Maui, Hl; Advances in 
Pediatric Clinical Care, Dec. 24, 1986—Jan. 2, 1987, Cancun, Mex- 
ico; Controversies in Medicine & Surgery, Jan. 16-23, 1987, St. 
Moritz, Switzerland; Clinical Update in Medicine & Surgery, Feb. 
10-17, 1987; Feb. 17-24, 1987, Maui, HI; Topic to be announced, 
March 14-21, 1987, Banff, Canada; Topic to be announced, May 
20-26, 1987, Japan; Topic to be announced, May 20-26, 1987, 
Bermuda, Topic to be announced, June, 1987, Ireland; Topic to be 
announced, July 24-30, 1987, Pebble Beach, CA; Topic to be 
announced, Aug. 1987, Gstaad, Switzerland (all Oct) 

MRI for Technologists, Dec. 5~6, Houston (June) 

Indian Radiation Oncology Congress, Dec. 5-7, Bombay (April) 
international Symposium on Breast Cancer, Jan. 1-4, 1987, New 
Delhi, india (Aug) 

international Symposium on MR 1987, Jan. 29-Feb. 1, 1987, Gar- 
misch-Partenkirchen,. Bavaria (Aug) 

Los Angeles Radiological Conference, Jan. 30-Feb. 1, 1987, Los 
Angeles (Oct) 

Perspectives on Imaging Modalities, Feb. 2-6, 1987, Cancun, 
Mexico (Sept) 

Paim Beach Magnetic Resonance Imaging Update, Feb. 8-11, 
1987, West Palm Beach, FL (Oct) 

Big Sky Radiology Conference, Feb. 8-13, 1987, Great Fails, MT 
(Oct) 

Gastrointestinal Radiologists Meeting and Course, Feb. 8-13, 
1987, Scottsdale, AZ (Aug) 

Thoracic Imaging 1987, Feb. 16-19, Orlando, FL (May) 

Diagnostic Radiology and Nuclear Medicine, Feb. 21-28, 1987, St. 
Thomas, U.S. Virgin Islands (Oct) 

Radiation Research Society Meeting, Feb. 22-26, 1987, Atlanta, 
GA (July) 

Advanced Perinatal Ultrasound Seminar, Feb. 26-28, 1987, Lake 
Buena Vista, FL (Aug) 

Society for Magnetic Resonance Imaging, Feb. 28—March 4, 1987, 
San Antonio, TX (Oct) 

Alexandria International Conference on Laryngeal Cancer, April 
1-2, 1987, Alexandria, Egypt (Sept) 

American Radium Society Meeting, April 6-10, 1987, London (Aug) 
Annual Meeting, National Council on Radiation Protection and 
Measurements, April 8-9, 1987, Bethesda, MD (Sept) 

Fleischner Society Annual Symposium, May 21-23, 1987, San 
Francisco, CA (July) 

1987 Radiology Congress, Lisbon, May 31-June 6, 1987 (Aug) 
American Board of Radiology Examinations, June 8-12, 1987; 
May 23-27, 1988 (Oct) 

Euroson 87, June 14-18, 1987, Helsinki, Finland (Sept) 
International Conference on Computer Assisted Radiology. July 
1-4, 1987, West Berlin (Feb) 

Sarcoidosis and Granulomatous Disorders, congress, Sept. 6-11, 
1987, Milan (June) 


AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 4 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double spaced. Provide title, date, loca- 


tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items.to AJR Editorial Office, 2223 Avenida de la 
Playa, Suite 200, La Jolla, CA 92037. 
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Classified Advertising 


Positions Available 


DIAGNOSTIC RADIOLOGIST for smali hospital 
and clinic practice San Francisco Bay Area. Write 
to J.J. Parker, M.D., Box 284, San Rafael, CA 
94915. 11-12a 


RADIOLOGICAL PHYSICISTS. The Dept. oi 
Radiology at Thomas Jefferson University 
Hospitalefferson Medical College wishes to 
recruit two highly qualified radiologic physicists. 
The first position is for an MRI physicist to work 
with our GE 1.5T MRI system currently being in- 
stalled. He/she will work closely with radiologists 
in our MRI division on applied and basic re- 
search. The second position is for a physicist with 
particular interests in image processing. The 
Dept. has a broad range of interests in digital 
radiography, DSA, PACS, and other methods of 
improving information content of radiologic im- 
ages. Candidates for both positions should have 
strong academic records and current research 
interests. Hard money support is available for 
both positions. Contact David C. Levin, M.D., 
Chairman, Dept. of Radiology, Thomas Jefferson 
University Hospital, Philadelphia, PA 19107. 11-1a 


MRI/ULTRASOUND RADIOLOGISTS. The Dept. 
of Radiology at Thomas Jefferson University 
HospitalJefferson Medical College is seeking 
two academically oriented radiologists to join its 
MRI and Ultrasound divisions, Both divisions are 
housed in modern, spacious facilities with state- 
of-the-art technology. A GE 1.5 T MRI unit is now 
being installed. Candidates will have the aption 
of working iñ either of these divisions or both, ac- 
cording to their interests. The Dept. is currently 
under new leadership, and is expanding in both 
size and academic scope. Generous salaries and 
benefits are offered. Contact David C. Levin, 
MLD., Chairman, Dept. of Radiology, Thomas de$- 
ferson University Hospital, Philadelphia, PA 
19107. fi-la 


RADIOLOGIST, BOARD CERTIFIED/ELIGIBLE. 
Full- or part-time position available with two other 
radiologists in a hospital-based practice that in- 
cludes diagnostic radiology, CT, ultrasound, 
angiography, nuclear medicine, and interven- 
tional procedures. Teaching hospital with 
residency programs. Please send CV and other 
inquiries to Douglas B. McGirr, M.D., Radiology 
Dept., San Joaquin General Hospital, PO. Box 
1020, Stockton, CA 95201. AA/EOE 11-12a 


PERMANENT POSITION. Pediatric radiologist to 
cover high-risk nurseries at two hospitals approx- 
imately three miles apart. Approximately 15 high- 
risk beds at each hospital. Good pediatrician sup- 
port. Anticipate growth of routine pediatric radi- 
ology as well. Large group, with full compensa- 
tion package negotiable. Will give preference to 
person willing to do some plain film adult radicl- 
ogy. Write to C.M. Elland, M.D., 1920 Huntingtcn 
Rd., Birmingham, AL 35209. 11~12a 


A 400-BED COMMUNITY HOSPITAL staffed by 
private practice group seeks a second neuro- 
radiologist preferably with MR experience. On- 
going neuroradiologic service includes state-of- 
the-art CT, angiography with digital, and myelo- 
graphy. MR unit on order. Must be capable and 
willing to do general radiology also. Contact Ben 
R. Mayes, Jr, M.D., Radiology Dept., St. Luke’s 
Hospital, 232 So. Woods Mill Rd., St. Louis, MO 
63017, (314) 434-1500, ext. 4250. 1-ta 


DIAGNOSTIC RADIOLOGIST. Need aggressive 


- associate to perform all aspects of diagnostic 


radiology in well-equipped hospital with large out- 
patient component in South Texas. MR training 
a plus but not essential. Excellent salary and 
early partnership available. For confidential con- 
sideration please submit CV to Box H70, AJR (see 
address this section). 1txa 


CHIEF, RADIOLOGY SERVICE. The academically 
affiliated Newington V.A. Medical Center invites 
applications of board-certified radiologists to fill 
this position. 190-bed medical center is a primary 
affiliate of the Univ. of Connecticut School of 
Mecicine and has a University training program 
in radiology. Academic appointment commen- 
surate with credentials. Excellent fringe benefits, 
no state tax, and malpractice coverage. Contact 
Chief of Staff, V.A. Medical Center, Newington, 
CT (203) 666-6951 X274. 11a 


DIAGNOSTIC RADIOLOGIST with two years 
fellowship in interventional radiology to join 
8-man hospital- and office-radiology group. 
Group involved in all diagnostic modalities in- 
cluding MRI. E.S.W.L. to be installed soon, Candi- 
dates must be skilled in interventional uroradiol- 
ogy and angioplasty. Must also be accomplished 
general radiologist. Position available on or 
before July 1, 1987 and leads to full partnership. 
Send CV to Paul R. Silk, M.D., Dept. of Medical 
Imaging, Albany Memorial Hospital, Albany, NY 
12204. 11-12a 


B/C - B/E DIAGNOSTIC RADIOLOGIST. Hospital 
and office practice. All modalities except MRI. 
Hands-on experience in real-time ultrasound 
desired. Excellent salary and benefits, commen- 
surate with experience, Early partnership. Will 
consider locums. Send CV to Radiology, 5681 N. 
Fresno St., Fresno, CA 93710 (209) 439-2464. 
11-12ap 


RADIOLOGIST needed to serve as Chief of 
Radiology for modern progressive JCAH- 
accredited, 200-bed Medical/Surgical Center 
located at Central State Hospital, Milledgeville, 
GA. in addition to serving the 1,800 patients/ 
residents of Central State Hospital, the center 
also serves other regional hospitals and state 
agencies under contract. Milledgeville is a 
beautiful middle Georgia college town of 15,000, 
only 2 hr from Atlanta, convenient to mountains 
and beaches, and immediately accessible to 
Lake Sinclair, which provides excellent recrea- 
tional facilities. Annual salary range is 
$54,504-$74,934, beginning salary commen- 
surate with qualifications. State service provides 
excellent fringe benefits, including free malprac- 
tice and administrative liability insurance, liberal 
sick and annual leave, 12 paid holidays annually, 
group term health and life insurance, continuing 
medical education program, tax-sheltered annuity, 
and retirement. Requirements are board- 
certification or board-eligibility in radiology and 
Georgia licensure. Contact Personnel Office, 
Central State Hospital, Milledgeville, GA 
31062-9989 (912) 453-4094, Applications ac- 
cepted continuously until suitable applicant 
located. EOE. 11a 


THE DEPARTMENT OF RADIOLOGY, Medical 
College of Virginia, Richmond VA seeks qualified 
individuals for faculty positions in skeletal radi- 
ology, neuroradiology, and MRI. Must be ABR 
certified or eligible. Academic rank and salary 
commensurate with experience. Submit CV to 
Wiliam H. Brewer, M.D., Vice-Chairman, Dept. 
of Radiology, Medical College of Virginia, Box 
470, Richmond, VA 23298. MCV is an equal op- 
portunity, affirmative action employer. Women 
and minorities are encouraged to apply. 11-12a 


PEDIATRIC RADIOLOGIST. Large hospital- 
based group seeks associate with recent 
pediatric radiology fellowship training. Busy 
private practice group needs second pediatric 
radiologist for coverage of small pediatric 
hospital. Practice would include 25% pediatric 
and 75% adult work. All modalities including MRI. 
Board certification mandatory. Opportunity for 
partnership in well-established western Washing- 
ton practice. Reply Box H74, AJR (see address 
this section. 11-6a 


NEW YORK CITY SUBURBAN PRACTICE seeks 
board-certified radiologist. Hands-on ultrasound 
skills essential. Solid imaging knowledge. Per- 
sonality counts, High pay with early partnership 
for special individual. CV to Box 18, Meacham 
Station, Elmont, NY 11003. 10-ta 


BOARD-CERTIFIED RADIOLOGIST-Six man 
radiology group seeks new associate with fellow- 
ship training in CT/ultrasound. The group pro- 
vides complete radiologic services in fully- 
equipped 500 bed hospital with two G.E. 9800 
CT scanners, and Acuson and Diasonics ultra- 
sound. Private out-patient office also covered by 
the group. Send CV to Eric R. Rosenberg, M.D., 
Dept. of Radiology, New Hanover Memorial 
Hospital, Wilmington, NC 28403. 10-i2ap 


NEURORADIOLOGY/MRI. Private clinic seeks 
board certified radiologist with MRI experience 
to oversee and direct diagnostic center. Excellent 
salary and recreational activities. Reply: PO. Box 
292527, Davie, FL 33324. 6-11ap 


CHIEF, BODY CT. The Dept. of Diagnostic Radi- 
ology of William Beaumont Hospital, a major 
tertiary care and academic institution in 
Michigan, is seeking a candidate to direct the 
division of body CT and participate in MR. Can- 
didates must be board certified in diagnostic 
radiology and have significant academic 
achievements. Income is negotiable and com- 
petitive. Send CV to Jalil Farah, M.D., Director, 
Diagnostic Radiology, William Beaumont Hospi- 
tal, 3601 West 13 Mile Road, Royal Oak, MI 
48072. 10-12a 


TWO YOUNG RADIOLOGISTS seek a third radi- 
ologist in expanding hospital-based practice near 
Canadian border in northern New York. All 
modalities available. Write P Berman, HC 61 Box 
454, Massena, NY 13662. 8-7a 


BOARD CERTIFIED diagnostic radiologist. All 
diagnostic modalities except MR. MR installation 
planned in 1% years. Busy in-patient and out- 
patient practice. Salary negotiable and early part- 
nership available. Send CV to Box C23, AJR (see 
address this section). 6xa 


BOARD CERTIFIED radiologist to do general 
diagnostic work, including CT, US, biopsies, 
mammography, and angio. Special training in 
angio desired. Excellent salary and full partner- 
ship 2nd yr. Busy hospital and office practice in 
suburban Washington, DC area. Send CV to Box 
F50, AJR (see address this section). 9-11a 


GENERAL DIAGNOSTIC RADIOLOGIST, board 
certified to join hospital-based group. 200-bed 
hospital equipped with CT, US, nuclear medicine, 
special procedures, and interventional radiology. 
20,000 exams/yr. Located in Alton, IL, 45 min. to 
downtown St. Louis. Competitive salary leading 
to early partnership. Contact Sumner Holtz, M.D., 
232 So. Woedsmill Rd., Chesterfield, MO 63017 
(314) 434-1500, ext. 4250. 9-11a 


ISRAEL, DIAGNOSTIC RADIOLOGY. Cpportun- 
ities for 3-4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Wainut Creek, 
CA 94596; (415) 947-0560. 8xa 


Positions Desired 


BOARD CERTIFIED RADIOLOGY GROUP with 
expertise in all modalities desires to relocate 
either to a moderate-size hospital or multi- 
speciality practice. All locations considered. Reply 
Box H72, AJR (see address this section). 11-12b 


NEURORADIOLOGIST completing 2-yr-UCSD 
fellowship 6/87 (with 1.5T GE Signa experience 
throughout) seeks private practice position. PO. 
Box 8107, La Jolla, CA 92038. 9-12b 
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BOARD-CERTIFIED RADIOLOGIST seeks part- 
time position in Philadelphia, South Jersey, 
Wilmington, Delaware area. Experienced in all 
imaging and invasive modalities except MRI. 
Reply Box G62, AJR (see address this section). 
10~12b 


PGY-3 RADIOLOGY RESIDENT seeking PGY-4 
position beginning July 1987 at university-based 
program with MRI. Quality U.S. medical graduate. 
Dedicated, hard-working, easy-going. Reply Box 
G64, AJR (see address this section). 10-11bp 


POST-DOCTORAL RESEARCH ASSOCIATE/ 
FELLOW in diagnostic radiology seeks position. 
Fully qualified, extensive experience in CT/US, 
installation to intervention. Over 10,000 CHUS 
cases, 500 CT/US intervention, biopsies, drain- 
age. Adept also in angiography and general 
radiology. Write Box G66, AJR (see address this 
section) or call (914) 591-6234. 10-11b 


BOARD-CERTIFIED DIAGNOSTIC RADIOLO- 
GIST with interest in all areas of radiology seeks 
position beginning July 1987. Will have com- 
pleted a formal postgraduate fellowship in CT/ 
ultrasound/MRI. Have 1-yr extensive experience 
in angiography and interventional radiology pro- 
cedures. Reply 251 Marengo Ave., Apt. 4F, Forest 
Park, IL 60130, (312) 366-0712. 10~12b 


Fellowship and Residencies 


FELLOW IN MRI - BUFFALO, NY. Available Jan. 
1, 1987 a fellowship position is open in a 313-bed 
pediatric teaching hospital. Eight radiologists 
associated in practice; CT, nuclear medicine, 2 
Acuson units, angiography, and Diasonics 0.5 
Tesla Superconductive magnet in our depart- 
ment. Write to J.P Kuhn, M.D., 219 Bryant St., 
Buffalo, NY 14222. 11-1a 


Tutorials/Courses 


CORTINA, ITALY—-LONDON, ENGLAND. Winter 
Congress-Cortina, Jan 31-Feb 7, 1987: Winter 
Seminar-London, Feb 7-11, 1987. Attend one or 
both offering CME | accredited and presented by 
a renowned faculty. Topics in CT, US, MRI with 
correlation. Fees each meeting: to November 14, 
US$395, thereafter USS$435 (combined fee 
US$450 and US$495, respectively). Contact 
Medical Seminars International, 21915 Roscoe 
Bivd., Ste. 222, Canoga Park, CA 91304 (818) 
701-5143, 10-12d 


NMR VISITING FELLOWSHIPS in Northern 
California. intensive structured 1-6 week courses 
in clinical magnetic resonance with emphasis on 
CNS imaging. integrated live instruction with 26 
hr of dual projection slide presentations in week 
1, extensive teaching file (600 cases), and up- 
dated videotape library. Certificate awarded on 
completion. References from prior fellows avail- 
able. For further information contact: Murray A. 
Solomon, M.D., San Jose MRI Center, 361 S. 
Monroe St., San Jose, CA 95128. 6-11dp 


ULTRASOUND AT SEA—Caribbean Cruise. Post 
RSNA CME 1 presented by Dr Peter Cooperberg. 
Registration: $385 before Oct. 1; $425 thereafter. 
info: Medical Seminars international, 21915 
Roscoe Bivd., Ste. #222, Canoga Park, CA 
91304, (818) 701-5143. 711d 


CLASSIFIED ADVERTISING 


Other 


REALIZE THE VALUE of your practice. A group 
of successful and well-qualified radiologists is in- 
terested in acquiring established radiology prac- 
tices. Hospital contracts, clinics, and private of- 
fice settings are desired. Opportunity for radiol- 
ogists considering retirement or reduction in 
practice activities to capitalize on the value of the 
practice they have built up during their careers. 
Alleviate the problems of professional recruit- 
ment or administrative pressures. Practices con- 
sidered throughout the country. Flexible pur- 
chase options with opportunity for continuing 
relationship arrangements. Write Box C49, AJR, 
{see address this section). 6-5e 
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AJR Indexes 


AJR CONSOLIDATED INDEXES available in 
limited quantities. Complete your journal collec- 
tion. Order by index number. Indexes available, 
years covered and prices: 2, 1938-1942, $10; 3, 
1943-1947, $22.50; 4, 1948-1952, $23.50; 5, 
1953-1957, $25; 6, 1958-1962, $23.50; 7, 
1963-1967, $30: 8, 1968-1972, $40; 9, 1973-1977, 
$34. Order from: Subscription Dept. Wiliams & 
Wilkins, 428 E. Preston, St. Baltimore, MD 21202; 
(301) 528-4000. 


AJR Classified Advertising Information 


Box Responses and Address for Ad Placement 


Write Box 
459-2229. 


How to Place an Ad 


, AJR, Suite 200, 2223 Avenida de la Playa, La Jolla, CA 92037; (619) 


AJR accepts classified advertising for Positions Available, Positions Desired, Fel- 
lowships and Residencies, and Tutorials/Courses. Ads are accepted by mail or 
telephone. Institutions should supply purchase orders. 

Rates: $6.00/ine with a $30 minimum charge. Box service is $10 additional for each 
month the ad appears. There are discounts for multiple insertions: 10% for 2-3 inser- 
tions; 20% for 4 or more. To estimate lines, count all words and divide by 5.5. 

Billing: Ads may be prepaid or invoices will be sent after the ad appears. 

Deadlines. About 3 weeks before the issue mails. AJR issues mail in the middle 
of the month preceding the cover date (e.g., July mails June 17). For specific deadlines, 


write or telephone the AJR editoria! office. 


Estimating Ad Charges 


Line charge: divide total words by 5.5 and multiply by $6.00 ....$ 


Multiple insertions? If so, multiply by number 


Subtotal 


Box response requested? If so, multiply number of months by 


Subtotal 


Discount applies to two or more insertions. Subtract 10% if ad 
appears 2-3 months, 20% if 4 months or more 


Approximate advertising charge 








AJR: American Journal of Roentgenology 
Bound Volume Offer 


- A trouble-free way 
to keep your 
reference library 
up to date 


As an AJR subscriber, you know how much useful 
information is packed into each issue. But you also 
probably know how frustrating and time-consuming it 
can be to try and locate one particular article from a 
back issue. 


Find that back issue quickly and easily 





Now you can get a year’s worth of articles in bound 








m ; l 
: volume form-—a special offer available only to sub- 
scribers. So the information you need will be at your Sah bike te 
fingertips, handsomely preserved and ready for years of $57.00. (Please add $10.00 to all orders outside the US.) 
future reference. Bound volumes are available for the current year only, 
You get the timely coverage only a journal can and are in addition to the regular subscription price. 
provide— penetrating discussions of the topics that ; | ee 
interest you most, by the brightest names in your We'll help you keep your reference library up 
field—with all the durability and convenience of a hard- to date 
cover edition. With a bound volume, you'll never again Once a year, we'll send you a reminder so you can order 
spend frustrating hours sifting through dog-eared back the latest bound volumes. When you send in your paid 
issues, only to discover that the article you need has order, a set will be reserved for you, to be sent as soon 
been torn out. You'll have a year’s worth of vital in- as available on 30-day approval. If you do not want the 
formation all arranged and indexed in one sturdy bound volumes for any reason, simply return them to us 
source. And each carefully crafted volume will make a within 30 days for a courtecus refund. It’s that easy. 
handsome addition to your permanent library. 
Send in your paid order by October 31, 1986 ees siii 
and SAVE Williams & Wilkins 
Act now and receive the 1986 Bound Volumes for only P.O. Box 23291 Baltimore, Maryland 21203 
r” $55.00 for all prepaid orders, $2.00 off the regular price of 266 Fulham Road London SW10 SEL England 
E ASY ORDE RIN G Please pay in US dollars. MD residents, please add 5% sales tax. Orders 
outside the US and Canada must he prepaid. Rates subject to change 
without notice. All orders must be received by December 31, 1986. 
Please send me the AJR: American Journal of Roent- 
genology 1986 Bound Volumes at $57.00 ($67.00 eee aa eS ee eee AEN ne ee ee 
outside the US). I understand that I can save $2.00 by Nae 
sending in my prepaid order (check or charge) by October 
31, 1986. I also understand that this offer is in addition to Si ane macnn a SpE OOo 
my regular subscription, that it is available only to sub- Address 
scribers, and that I will have the option of ordering bound Tea se eee oe ea stp nee, 2 ae ne ames ee eee 
volumes for subsequent years as long as I remain a sub- City/State/Zip 
scriber. I will receive my 1986 bound volumes in early 1987. 
a =~*~<C~*~<“‘“‘“‘; 72S; ;St*‘(t OO 
x 7] ; > . ae : ae 
ep ee ORDER FREE BY PHONE. Call 1-800-638-6423 
L VISA LL] MasterCard [] American Express from anywhere in the US except AK. MD residents, 
È call 528-4105 collect. 


Card # Exp. date 

O Williams & Wilkins 
P.O. Box 23291 Baltimore, Maryland 21203 
266 Fulham Road London SW10 SEL England 





Signature/P.O.# 





Printed in US AJR BNDVOLS 50040 &6 





EMERGENCY RADIOLOGY OF THE 


Acute y ILL or ÎNJURED CHILD 
‘Second Edition 


By Leonard E. Swischuk, MD 

“Only Len Swischuk could produce a book quite like 
this.... The reproductions, particularly of soft tissues, 
are superb....A true teacher, [Swischuk] stresses the 
basic facts, the simple, the obvious, the variations, and 
the pitfalls.... This book should be in the library of even 
the smallest radiology department.” — J Can Assoc 
Radiol (of the First Edition) 


1986/622 pages/685 illustrations/*#8049-0/$75.00 


COMPUTED TOMOGRAPHY AND 
MAGNETIC RESONANCE IMAGING 


OF THE HEAD AND NECK 
Second Edition 


By Anthony A. Mancuso, MD and William 

N. Hanafee, MD 

with a special contribution from John A. Kirchner, MD 
The ne guide to head and neck imaging now 

includes the first comprehensive discussion of otolar- 

yngologic MRI, an extensively revised chapter on tempo- 

ral bone, extraordinary images generated by state-of- 

the-art equipment, and more. 


1985/504 pages /155 illustrations/*5476-7/$84.75 


LYMPHATIC IMAGING 
Lymphography, Computed Tomography 
and Scintigraphy 

Second Edition 


Edited by Melvin E. Clouse, MD and Sidney 
Wallace, MD 


. For assistance in selecting, performing and inter- 
preting lymphatic images using state-of-the-art equip- 
ment and techniques, turn to the new Second Edition 
of the only book-length exploration of lymphatic 
evaluation. l 

EMER ROC anacan (ARAN Mhrntantians FIRR OD C7 RA 


COMPUTED TOMOGRAPHY IN TH 


EVALUATION OF TRAUMA 
Second Edition 


Edited by Michael P. Federlé, MD and Micha 
Brant-Zawadzki, MD 


In this new edition you'll find a thorough and uy 
date discussion of the clinical indications for CT 
scanning in different types of trauma to virtually € 
areas of the body, keys to techniques of scanning é 
accurate interpretation, and comparisons of CT to 
radiographic procedures and laboratory tests. 
1986 /about 300 pages /about 370 illustrations/ 
#3102-3/about $58.95 


CLINICAL ARTHROGRAPHY 


Second Edition 


By Rolf-D. Arndt, MD, John W. Horns, MD, < 
Richard H. Gold, MD 


with a special contribution by Donald D. Blaschl 
DDS 


Including inflammatory diseases and other joint 
abnormalities, the Second Edition retains the emp 
on orthopedic disorders as it expands the basic pri 
ples of arthrography and adds new, recently publis 
concepts, such as double-contrast CT arthrograph 


1985/282 pages/147 illustrations/*0256-2/S62 


as 


Williams & Wilkins 


428 E. Preston Street Baltimore, MD 21202 
— YES! Please rush my copy of 


If not completely satisfied, I may return the books ' 
in 30 days-at no further obligation. (US & Canada 


PAYMENT OPTIONS - 
{Enclose payment or charge your order and Wiliams & Wilkins will pay all y 
and handling costs.) 


O Check enclosed O Bill me 
O VISA © MasterCard 0 American Expres 


eard*( OROROOOCO0OEHOOCO ep. 
signature/p.o. # 


For fastest service...cail 1-800-638-0672 toll free anywh 
the US except AK and HI; MD residents call 528-4221 col 
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Excellent vascular tolerance: low 
incidence of postphlebographic thrombosis."° 


D Significant improvement in comfort reduces patient motion*»: 
Less need for repeat examinations. 


Subjective Sensations in Peripheral Arteriography 


No or slight reactions 





86% 


, EP i i ` TaN 1 
3 E lohexo! 
(n = 133 patients) 


*Diatrizoate meglumine 52%/sodium 8%; diatrizoate E Ionic Monomeric Media* 
meglumine 66%/sodium 10%; iothalamate meglumine 60% | (n=130 patients) 








ue 46% 
— an 


ft Improved hemodynamic profile over conventional ionic media. 
systolic and diastolic pressures are maintained near baseline levels.’ 


$ Improving the nephrotoxicity profile: Minimal effect on glomerular 
filtration rate, permeability, or albumin excretion.°° 


Not recommended for patients with anuria. Since adverse reactions 
can occur with nonionic media, similar preparations to those 
recommended for ionic media should be planned to handle severe 
or potentially fatal reactions. 


D Wider margin of safety even at higher iodine concentrations.’ 
Less potential for renal damage compared to conventional ionic media. 
Minimal effect on creatinine levels and renal enzymes. ° 


Significant improvement in patient comfort 
in cerebral arteriography. 


+ Significant improvement over conventional ionic contrast media: 
Fewer and milder pain and warmth sensations. !™ 
Excellent neurotoxicity profile. 


ft Excellent cardiovascular safety profile: Fewer injections 
accompanied by major changes in heart rate.® 14.15 





For peripheral arteriography: Recommended concentrations Adapted from Wolf’; data on file, Winthrop-Breon Laboratories.” 
OMNIPAQUE 300 (300 mgI/mL) or OMNIPAQUE 350 (350 mgl/mL). Comparable concentration and volume per injection 

For cerebral arteriography: Recommended concentration 

OMNIPAQUE 300 (300 mgI/mL) 


Excellent diagnostic quality in 
intravenous digital subtraction angiography. 


[ Greater patient comfort, better tolerance: Most subjective side 
effects are mild.®'*'8 


[ Excellent diagnostic images: Significantly less image degradation 
secondary to swallowing, motion, coughing.'® 


D Good to excellent radiographic quality achieved in 94% of 
patients studied (n = 81).61®18 94% of carotid DSA studies conducted 
with no or only slight artifacts. '’ 


Excellent patient tolerance 
in excretory urography. 


[ Less nausea, vomiting, and heat sensation compared to 
conventional ionic contrast media. 


L In 96% of patients, discomfort was absent or mild.°® 


n 


= L] ee 
kadara (n= 195 patients) 
E lonic Monomeric Media* 
(n = 164 patients) 
*Diatrizoate meglumine 52%/sodium 8%; iothalamate 
sodium; metrizoate meglumine/Na//Ca 


Discomfort in Urography 





Severe 





Data on file, Winthrop-Breon Laboratories 





OMNIPAQUE DY 


(IOHEXOL) 


‘See following pages for important product information concerning 
contraindications, warnings, adverse reactions, patient selection 
and precautionary recommendations 








Improving the safety profile 
in a broad spectrum of applications. 


i Less chemotoxicity than ionic contrast media." 
D Lower osmolality than conventional ionic media." 


D Minimal effect on key physiologic parameters”: Well tolerated by 
most patients. 


[Less neurotoxic than conventional ionic media. 
+ Few direct or indirect cardiovascular effects.2°" 


D Improved patient comfort: Fewer artifacts due to motion 
and swallowing. '®° 


D Less potential for allergic reactions.” Since adverse 
reactions can occur with nonionic media, similar preparations 
to those recommended for ionic media should be planned 

to handle severe or potentially fatal reactions. 


Incidence of Adverse Reactions After Intravenous 
Injections Only, in Multicenter Clinical Trials * 


lohexol (n = 1,683 patients) 


i _ =! pi I lonic Monomeric Media 
t < | r ° . 
ardiovascular P< 0001 ; 3.83% (n m 358 patients) 


— 
0 83% 
2.06 


Central nervous system+ P= 004 | 


"y 
asSiroin In j 
Gastro testinal Bego 
(nausea. vomiting. taste) 





Skin P< 0001 
(flushing, urticaria, itching, exanthema) 'Diatrizoate meglumine 52%/sodium 8%; diatrizoate 
meglumine 66%/sodium 10%; iothalamate meglumine 


Respiratory P=.09 60%; ioxithalamate; ioglicinate; iodamide; metrizoate 





Muscular Pets Adapted from Dahlstrom et al.” 


D Supplied in ready-to-use vials and bottles. No dilution or 
reconstitution necessary. 

















Product Size (mL/unit) Use 
OMNIPAQUE * 180 (180 mgI/mL) 10 mL, 20 mL vials, Myelo-Kit __| Lumbar, Thoracic, and CT Myelography 
OMNIPAQUE ° 240 (240 mgl/mL) | 10 mL, 100 mL vials, 200 mL bottle, | Lumbar and Thoracic Myelography, 
g | Myelo-Kit Peripheral Venography a 
OMNIPAQUE ° 300 (300 mgI/mL) 10 mL, 30 mL, 50 mL, 100 mL vials Urography, Cerebral Arteriography, 
Peripheral Arteriography, Peripheral 
Venography 














OMNIPAQUE * 350 (350 mgl mL) | 50 mL, 100 mL vials, 200 mL bottle | Angiocardiography, Urography, 
Peripheral Arteriography, !.V. Digital 
Subtraction Angiography 





*See following pages for important product information concerning ‘In general, adverse reactions to the intravascular use of 
contraindications, warnings, adverse reactions, patient selection, OMNIPAQUE have been mild and of short duration. 
and precautionary recommendations The general incidence of these occurrences following 


total intravascular use is slightly higher, as shown in the 


nradiict infarmatian ann the laet nane 


OMNIPAQUE * (iohexol) 





OMNIPAQUE’ 
Care is required in patient management to prevent inadvertent intracranial 


INJECTION (IOHEXOL) entry of a large dose or concentrated bolus of the medium. Also, effort should 


be directed to avoid rapid dispersion of the medium causing inadvertent rise to 
intracranial levels (eg, by active patient movement) Direct intracisternal or 
ventricular administration for standard radiography (not CT) is not recom 


mended 

In most reported cases of major motor seizures with other nonionic myelo 
graphic media, one or more of the following factors were present. Therefore 
avoid 
e Deviations from recommended procedure or in myelographic management 


e Use in patients with a history of epilepsy 
e Overdosage 


e Intracranial entry of a bolus or premature diffusion of a high concentration ol 
the medium 

e Medication with neuroleptic drugs or phenothiazine antinauseants 

e Failure to maintain elevation of the head during the procedure. on the stretcher 
or in bed 


e Excessive and particularly active patient movement or straining 

If grossly bloody CSF is encountered, the possible benefits of a myelographic 
procedure should be considered in terms of the risk to the patient 
PRECAUTIONS—General: Diagnostic procedures which involve the use of 
radiopaque diagnostic agents should be carried out under the direction of 
personnel with the prerequisite training and with a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. for coping with any complication of the procedure, as well as for emergency 
A SUMMARY FOLLOWS: treatment of severe reactions to the contrast agent itself. After parenteral 
OMNIPAQUE is a nonionic, water-soluble; radiographic contrast medium administration of a radiopaque agent, competent personne! and emergency 
INDICATIONS AND USAGE: OMN!PAQUE is indicated in adults for angiocar- facilities should be available for at least 30 to 60 minutes since severe delayed 
diography (ventriculography. selective coronary arteriography), aortography., reactions have occurred (see ADVERSE REACTIONS) 
including studies of the aortic root, aortic arch, ascending aorta, abdominal Preparatory dehydration is dangerous and may contribute to acute renal 
aorta, and its branches; cerebral arteriography; digital subtraction angiogra- failure in patients with advanced vascular disease, diabetic patients, and in 
phy; peripheral angiography including arteriography and venography susceptible nondiabetic patients (often elderly with preexisting rena! disease) 
(phlebography); excretory urography; and lumbar and thoracic myelography, Dehydration in these patients seems to be enhanced by the osmotic diuretic 
by conventional technique and in computerized tomography action of urographic agents. It is believed that overnight fluid restriction prior to 
Administration of contrast media should be performed by qualified personnel excretory urography generally does not provide better visualization in norma 
familiar with the procedure and an appropriate technique should be utilized patients. Patients should be well hydrated prior to and following ionhexo! 
CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients administration. 
with a known hypersensitivity to iohexol In patients with severe renal insufficiency or failure, compensatory biliary 
Lumbar puncture ordinarily should not be performed in the presence of local excretion of the drug is anticipated to occur, with a slow clearance into the bile 
or systemic infection where bacteremia is likely Patients with hepatorena! insufficiency should not be examined unless the 
Intrathecal administration of corticosteroids with OMNIPAQUE is contra- possibility of benefit clearly outweighs the additional risk 
indicated Acute renal failure has been reported in diabetic patients with diabetic 
Because of the possibility of overdosage, immediate repeat myelography In nephropathy and in susceptible nondiabetic patients (often elderly with pre 
the event of technical failure is contraindicated (see DOSAGE AND existing renal disease) following excretory urography. Therefore, careful 
ADMINISTRATION) consideration of the potential risks should be given before performing this 
WARNINGS—General: OMNIPAQUE should be used with extreme care In radiographic procedure 'n these patients 
patients with severe functional disturbances of the liver and kidneys, severe Immediately following surgery, excretory urography should be used with 
thyrotoxicosis, or myelomatosis. Diabetics with a serum creatinine level above Caution in renal transplant recipients 
3 mg/dL should not be examined unless the possible benefits of the examina- The possibility of a reaction, including serious, life-threatening, fatal, ana 
tion clearly outweigh the additional risk. OMNIPAQUE is not recommended for phylactoid, or cardiovascular reactions should always be considered (see 
use in patients with anuria ADVERSE REACTIONS). It is of utmost importance that a course of action be 
Radiopaque contrast agents are potentially hazardous in patients with multi- carefully planned in advance for immediate treatment of serious reactions, and 
ple myeloma or other paraproteinemia, particularly in those with therapeutically that adequate and appropriate personne! be readily available in case a severe 
resistant anuria. Although neither the contrast agent nor dehydration has reaction should occur 
separately proven to be the cause of anuria in myeloma, it has been speculated The possibility of an idiosyncratic reaction in susceptible patients should 
that the combination of both may be causative factors. The risk in myelomatous always be considered (see ADVERSE REACTIONS) The susceptible population 
patients is not a contraindication; however, special precautions are necessary includes patients with a previous reaction to contrast media, patients with a 
Partial dehydration in the preparation of these patients prior to injection is not known sensitivity to iodine per se, and patients with a known clinical hyperser 
recommended since this may predispose the patient to precipitation of the sitivity: bronchial asthma, hay fever, and food allergies 
myeloma protein in the renal tubules. No form of therapy, including dialysis, has The occurrence of severe idiosyncratic reactions has prompted the use of 
been successful in reversing the effect. Myeloma, which occurs most commonly several pretesting methods However, pretesting cannot be relied upon to 
in persons over age 40, should be considered before instituting intravascular predict severe reactions and may itself be hazardous for the patient It's 
administration of contrast agents suggested that a thorough medical history with emphasis on allergy and 
lonic contrast media, when injected intravenously or intraarterially, may hypersensitivity, prior to the injection of any contrast media, may be more 
promote sickling in individuals who are homozygous for sickle cell disease accurate than pretesting in predicting potential adverse reaction: 
Administration of radiopaque materials to patients Known or suspected of A positive history of allergies or hypersensitivity does not arbitrarily contra 
having pheochromocytoma should be performed with extreme caution. If, in the indicate the use of a contrast agent where a diagnostic procedure is thought 
opinion of the physician, the possible benefits of such procedures outweigh the essential, but caution should be exercised (see ADVERSE REACTIONS) 
considered risks, the procedures may be performed, however, the amount of Premedication with antihistamines or corticosteroids to avoid or minimize 
radiopaque medium injected should be kept to an absolute minimum. The possible allergic reactions in such patients should be considered Recent 
patient's blood pressure should be assessed throughout the procedure and reports indicate that such pretreatment does not prevent serious life-threatening 
measures for the treatment of hypertensive crisis should be readily available reactions, but may reduce both their incidence and severity 
Reports of thyroid storm following the use of iodinated, ionic radiopaque Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or 
contrast media in patients with hyperthyroidism or with autonomously function- iothalamate-based ionic agents of comparable iodine concentration, the poten 
ing thyroid nodule suggest that this additional risk be evaluated in such patients tial transitory increase in the circulatory osmotic load in patients with congestive 
before use of any contrast medium heart failure requires caution during injection These patients should be ob 
Urography should be performed with caution in patients with severely served for several hours following the procedure to detect delayed hemody 
impaired renal function and patients with combined renal and hepatic disease namic disturbances 
Caution is advised in patients with a history of epilepsy, severe cardiovascular General anesthesia may be indicated in the performance of some procedures 
disease, chronic alcoholism, or multiple sclerosis in selected adult patients; however, a higher incidence of adverse reactions has 
Elderly patients may present a greater risk following myelography. The need been reported in these patients, and may be attributable to the inability of the 
for the procedure in these patients should be evaluated carefully. Special patient to identify untoward symptoms. or to the hypotensive effect of anesthesia 
attention must be paid to dose and concentration of the medium, hydration, and which can reduce Cardiac output and increase the duration of exposure to the 
technique used contrast agent 
Patients who are receiving anticonvulsants should be maintained on this Angiography should be avoided whenever possible in patients witt 
therapy. Should a seizure occur, intravenous diazepam or phenobarbital sodium homocystinuria, because of the risk of inducing thrombosis and embolism 
is recommended. In patients with a history of seizure activity who are not on In angiographic procedures, the possibility of dislodging plaques or damag 
anticonvulsant therapy, premedication with barbiturates should be considered ing or perforating the vessel wall should be borne in mind during the catheter 
Prophylactic anticonvulsant treatment with barbiturates should be considered manipulations and contrast medium injection. Test injections to ensure proper 
in patients with evidence of inadvertent intracranial entry of a large or concen- catheter placement are recommended 
trated bolus of the contrast medium since there may be an increased risk of Selective coronary arteriography should be performed only in those patients 
seizure in such cases in whom the expected benefits outweigh the potential risk The inherent risks of 
Drugs which lower the seizure threshold, especially phenothiazine angiocardiography in patients with chronic pulmonary emphysema must be 
derivatives, including those used for their antihistamine properties, should not weighed against the necessity for performing this procedure 
be used with OMNIPAQUE. Others include MAO inhibitors, tricyclic antidepres- Administration of contrast media should be performed by qualified personne 
sants, CNS stimulants, and psychoactive drugs described as analeptics, major familiar with the procedure and appropriate patient management Sterile 
tranquilizers. or antipsychotic drugs. Such medication should be discontinued technique must be used with any spinal puncture 
at least 48 hours before myelography, should not be used for the contro! of When OMNIPAQUE is to be injected using plastic disposable syringes, the 
nausea and vomiting, and should not be resumed for at least 24 hours contrast medium should be drawn into the syringe and used immediately 


postprocedure If nondisposable equipment is used. scrupulous Care should be taken to 


OMNIPAQUE® (ichexol) 


prevent residual contamination with traces of cleansing agents. 


Parenteral products should be inspected visually for particulate matter and 
discoloration prior to administration. lf particulate matter or discoloration is 


present, do not use. o l 
Repeat Procedures: lf, in the clinical judgment of the physician, sequential or 


repeat subarachnoid examinations are required, a suitable interval of time 

between administrations should be observed to allow for normal clearance of 

the drug from the body. 

information for Patients: Patients receiving injectable radiopaque diagnostic 

agents should be instructed to: 

1. Inform your physician if you are pregnant. 

2. inform your physician if you are diabetic or if you have multiple myeloma, 
pheochromocytoma, homozygous sickle cell disease or known thyroid 
disorder (see WARNINGS). 

3. Inform your physician if you are allergic to any drugs, food, or if you had any 
reactions to previous injections of dyes used for x-ray procedures. 

4. Inform your physician about any other medications you are currently taking, 
including nonprescription drugs, before you are administered this drug. 

Drug/Laboratory Test Interaction: If iodine containing isotopes are to be © 

administered for the diagnosis of thyroid disease, the iodine-binding capacity of 

thyroid tissue may be reduced for up to two weeks after contrast medium 
administration. Thyroid function tests which do not depend on iodine estimation, 

eg, T} resin uptake or direct thyroxin assays, are not affected. l 

Drug interactions: Drugs which lower the seizure threshold—especially phe- 

nothiazine derivatives including those used for their antihistaminice or antinause- 

ant properties—-should not be used with OMNIPAQUE. Others include mono- 
amine oxidase (MAO) inhibitors, tricyclic antidepressants, CNS stimulants, 

and psychoactive drugs described as analeptics, major tranquilizers, or anti- 

psychotic drugs. Such medications should be discontinued at least 48 hours 

before weeny should not be used for the control of nausea or vomiting 
during or after myelography, and should not be resumed for at least 24 hours 
postprocedure. in nonelective procedures in patients on these drugs, consider 
prophylactic use of anticonvulsants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal 

studies have been performed to evaluate the potential of iohexol in these areas. 

Bin poaney Category B: Reproduction studies have been performed in rats and 

rabbits with up to 100 times the recommended human dose. No evidence has 

been established of impaired fertility or harm to the fetus due to OMNIPAQUE;. 
there are, however, no studies in pregnant women. Because animal! reproduction 
studies are not always predictive of human response, this drug should be used 

during pregnancy only if clearly indicated. l 

Nursing Mothers: Caution should be exercised when OMNIPAQUE is admin- 

istered to a nursing woman; it is not known to what extent iohexol is excreted in 

human milk. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: 

Intrathecal: Adverse reactions to the intrathecal use of OMN!PAQUE in general 

have been mild to moderate in degree, and of short duration. The incidence of 

these occurrences, based on clinical trials of 584 patients, is as follows: 

Headaches: The most frequently occurring adverse reaction following myelog- 
raphy with OMNIPAQUE has been headache, with an incidence of less than 
20%. Headache may be caused either as a direct effect of the contrast medium 
or by CSF leakage at the dural puncture site. However, in managing the patient, 
it is considered more important to minimize intracranial entry of contrast 
medium by postural management than to attempt to control possible CSF 
leakage. 

Pain: Mild pain including backache, stiffness, and neuralgia occurred follow- 
ing injection with an incidence of about 8%. ` 

Nausea and Vomiting: Nausea was reported, with an incidence of about 6%, 
and vomiting of about 3% (based on clinical trials of 584 patients—see PATIENT 
MANAG EMËN T). Maintaining normal hydration is very important. The use of 
phenothiazine antinauseants is contraindicated. Reassuring the patient that the 
nausea will clear is usually all that is required. 

Dizziness: Transient dizziness was reported in about 2% of the patients. 

Other Reactions: Other reactions, occurring with an individual incidence of 
less than 0.1%, included feeling of heaviness, hypotension, hypertonia, sensa- 
tion of heat, sweating, vertigo, and loss of appetite. All were transient and mild, 
with no clinical sequelae. 

General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrence of adverse effects in addition to those discussed above, 
particularly those already reported in the literature for other nonionic, water- 
soluble myelographic contrast media. These have included but are not limited to 
aseptic and bacterial meningitis, and CNS and other neurologic disturbances. 
Intravascular: Aciverse reactions to the intravascular use of OMNIPAQUE have 
usually been of mild to moderate severity. However, serious, life-threatening and 
fatal reactions, mostly of cardiovascular origin, have been associated with the 
administration of iadine-containing contrast media, including OMNIPAQUE. The 
injection of contrast media is frequently associated with the sensation of warmth 
and pain, especially in peripheral angiography; pain and warmth are less 
frequent and less severe with OMNIPAQUE than with many ionic media, but 
lower osmolality media are similar in this respect. The incidence of these 
occurrences in clinical trials is as follows: 

Cardiovascular System: Arrhythmias including PVCs and PACs (3%), an- 
gina/chest pain (2%), and hypotension (1%). Others including cardiac failure, 
asystole, bradycardia, tachycardia; and vasovagal reaction were reported with 
an individual incidence of less than 0.8%. In controlled clinical studies involving 
900 patients, one fatality occurred. In widespread clinical use, the incidence of 
fatality is estimated at 0.0003%. l 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic 
taste (0.8%). Others including anxiety, blurred vision, dizziness, fever, motor and 
speech dysfunction, convuision, light-headedness, paresthesia, somnolence, 
vertigo, stiff neck, hemiparesis, and nystagmus were reported, with an individu- 
al incidence of less than 0.3%. f , ENSA 

Respiratory System: Dyspnea, laryngitis, and throat irritation, with an individu- 
al incidence of 0.1%. ies 

Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including 
diarrhea, dyspepsia, and dry mouth were reported, with an individual incidence 
of 0.1% 
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Skin and Appendages: Urticaria (0.3%) and purpura (0.1%). 

Individual adverse reactions which occurred to a significantly greater extent 
for a specific procedure are listed under that indication. 

General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrence of adverse effects in addition to those discussed above. The 
following reactions have been reported after administration of other intravascular s 
iodinated contrast media. Reactions due to technique: hematomas and ecchy- 
moses. Hemodynamic reactions: vein cramp and thrombophlebitis following 
intravenous injection. Cardiovascular reactions: rare cases of cardiac arrhyth- 
mias, reflex tachycardia, chest pain, cyanosis, hypertension, hypotension, 
peripheral vasodilatation, shock, and cardiac arrest. Renal reactions: occasion- 
ally, transient proteinuria, and rarely, oliguria or anuria, Allergic reactions: 
Asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing and 
lacrimation and, rarely, anaphylactic reactions. Rare fatalities have occurred, 
due to this or unknown causes. Signs and symptoms related to the respiratory 
system: pulmonary or laryngeal edema, bronchospasm, dyspnea; or to the 
nervous system: restlessness, tremors, convulsions. Other reactions: flushing, 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, 
pallor, weakness, sweating, localized areas of edema, especially facial cramps, 
neutropenia, and dizziness. Rarely, immediate or delayed rigors can occur, 
sometimes accompanied by hyperpyrexia. Infrequently, “iodism” (salivary gland 
swelling) from organic iodinated compounds appears two days after exposure 
and subsides by the sixth day. 

CONSULT PACKAGE INSERT FOR A MORE DETAILED DISCUSSION OF 
ADVERSE REACTIONS to both intrathecal and intravascular use of 
OMNIPAQUE. 

DOSAGE AND ADMINISTRATION: CONSULT FULL PACKAGE INSERT 
BEFORE USE. Details on dose, concentration, and administration are provided 
for each of the indicated procedures. 

HOW SUPPLIED: OMNIPAQUE is available in the following packaging and 
concentrations, requiring no dilutions or reconstitution: 

Vials of 10 mL, 180 mgI/mL, boxes of 10 (NDC 0024-1411-10) 

Vials of 20 mL, 180 mgI/mL, boxes of 10 INDE 0024-1411-20) 

Vials of 10 mL, 240 mgI/mL, boxes of 10 (NDC 0024-1412-10) 

Vials of 100 mL, 240 mgi/mL, boxes of 5 (NDC 0024-1412-15) 

Bottles of 200 mL, 240 mgI/mL, boxes of 5 (NDC 0024-1412-25) 

Vials of 10 mL, 300 mglI/mL, boxes of 10 (NDC 0024-1413-10) 

Vials of 30 mL, 300 mgI/mL, boxes of 10 (NDC 0024-1413-30 
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Vials of 50 mL, 350 mg/mL, boxes of 10 (NDC 0024-1414-50 

Vials of 100 mL, 350 mgI/mL, boxes of 5 (NDC 0024-1414-15 

Bottles of 200 mL, 350 mgI/mL, boxes of 5 (NDC 0024-1414-25) 
MYELO-KIT™ containing: One vial of 10 mL, 180 mgI/mL, and one sterile 
ibaa edt tray, boxes of 5 (NDC 0024-1411-05) 

MYELO-KIT™ containing: One vial of 20 mL, 180 mgI/mL., and one sterile 
myelogram tray, boxes of 5 (NDC 0024-1411-51) 

MYELO-KIT™ containing: One vial of 10 mL, 240 mglI/mL, and one sterile 
myelogram tray, boxes of 5 (NDC 0024-1412-05) 
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Abdominal aortic aneurysm. 
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Cut patien 


Erbium x-ray filters reduce patie 
to 50% without loss of radiogra 
Operator doses are also significan 


Erbium transmits only x rays that 
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producing photons at the low and 
ends of the spectrum. 


Erbium filters have demonstrated si; 
reduction for a variety of technique 


@ Skull and abdominal 
examination 
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@ Cerebral angiography 


E Intravenous 
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@ Pediatric fluoroscopy 
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Produces a precise 11-step wedge ı 
on your X-ray film. Exposure made 
before processing eliminates latent 
fade problem.* Features: Precise st 
exposure control. Variable lamp int 
Provisions for 2”x 2” ANSI blue, gr 
other filters, double sided exposure 
and 35mm test film alignment. And 


“Lawrence, D.J.: A Simple Method of Processor ( 
Med. Rad. and Photog. 49, 246, 28, 1973 (Reprint: 
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The Journal of MEDICAL PRACTICE MANAGEMENT 
Editor: Marcel Frenkel, MD, MBA 


A new journal gives you the management 
skills you need to pull ahead 


Right now you need information on some 
important topics that weren't covered in medical 
school. Topics that are having a profound impact 
on private practice and hospital-based physicians 
across the country. 

Like competition from HMOs. Industrialization of 
medicine. The sheer number of physicians compet- 
ing for your patients. Increasing costs. 

You know the issues. What you need to know is 
the best way to face them so your practice wiil 
flourish in years to come. 

And that’s where The Journal of Medical Practice 
Management comes in. 


Keep up with the issues that are changing 
your way of practice forever 


The Journal of Medical Practice Management 
is a new quarterly publication that covers your 
concerns...issues affecting the way you practice 
now — and the way you'll practice in the future. 

Four times a year, an expert editorial board 
headed by Dr. Marcel Frenkel brings you concise, 
readable coverage of today’s issues and tomorrow's 
trends. 

You'll find departments covering è office proce- 
dures and management è malpractice ¢ marketing 
e manpower ® computers ® taxation ® legal and 
legislative affairs ¢ and health policy. 

You'll also find pertinent features like the 
Washington Report, telling you what's up in the 
nation’s capital and how it affects you...a Letter 
from Abroad, offering perspectives on how physi- 
cians are handling health care issues in other 
countries...and profiles of profit and not-for-profit 
health care delivery systems. 


A multidisciplinary editorial board 


Members of the editorial board for The Journal 
of Medical Practice Management have been care- 
fully chosen for their knowledge of the manage- 
ment aspects of practicing medicine. These 
experts, many with experience in more than one 
field, give you the perspectives you need from 
medicine, law, management, government, and 
education. 


You can control the future of your practice 

The issues you can't afford to ignore are in The 
Journal of Medical Practice Management. It’s a lot 
of information for a little money. And that's good 
business for you. 


Reserve your charter subscription today! 
Just return the attached coupon, or call our 

FREE number, 800-638-6423, from anywhere in the 

US except Alaska. In Maryland, call 528-4105 

collect. Quarterly 


Williams & Wilkins 


428 East Preston Street 
Baltimore, Maryland 21202 


266 Fulham Road 
London SW109EL England 


YES, | want to control the 
future of my practice! 

Please enter my subscription to The Journal of 
Medical Practice Management (quarterly) 


O Individuals and Institutions $40 
All subscribers: add $10 outside the U.S. 


O Check enclosed O Bill me 
O MasterCard O American Express O VISA 


Card = Exp date 


Signature 





Name 





Address 


City/State/Zip 
Maryland residents add 5% sales tax. Subscriptions 
outside the US must be prepaid. All subscriptions must be 
paid in US dollars. Rates valid through April 30, 1988. 

Please allow 8 weeks for delivery of your first issue, up to 

16 weeks for surface delivery outside the US. Airmail rates 
available on request. 


Williams & Wilkins 


P.O. Box 23291 
Baltimore, Maryland 21203 


266 Fulham Road 
London SW10 9EL England 


MPMAD 95048 87 





Patient: 58-year-old male. 
Diagnosis: Focal high grade stenosis of the right 
= — common iliac artery. 
Tortuous iliac circulation and scarred 
entry site at groin. 
Percutaneous transluminal 
angioplasty. 


Catheter must enter vessel easily, track 
effectively to lesion, and traverse lesion 
atraumatically. Balloon must sustain high 
pressure without distorting, deflate rapidly, 
and resume low profile for easy with- 
drawal at puncture site. 

Dilatation Medi-tech 8mm x 3cm balloon dilatation 

Catheter catheter. Chosen from over 100 Medi-tech 

Selected: dilatation catheters, all combining 
advanced technology with strict clinical 
standards of quality and reliability. 


Medi-tech, Incorporated 
480 Pleasant Street 
P.O. Box 7407 
Watertown, Massachusetts 02272 


(617) 923-1720 Telex 922-453 
Ordering Information (800) 225-3238 





St. Luke’s\Roosevelt Hospital Center, a major teaching 
hospital affiliated with Columbia University, is seeking the 
following professionals: 


General Diagnostic Radiologist 
Opportunities exist for General diagnostic Radiologists, with 
expertise in Urological or Skeletal Radiology. Mammographic 
radiology experience a must. Fellowship or practice ex- 
perience in addition to an interest in teaching, is highly 


desirable. 
Radiologist 


We are presently searching for a radiologist with board ex- 
perienece in general radiology and with expertise in US/CT 
and mammography. Candidates should meet the re- 
quirements for faculty appointment. 


Please send inquiries with CV indicating positions of interest 
to: Ronald C. Albow, M.D., Department of Radiology, St. 
Luke's\Roosevelt Hospital Center, Amsterdam Avenue & 
114th Street, New York, N.Y. 10025. 


In addition to a stimulating environment, St. Luke’s\ 
Roosevelt Hospital Center, offers excellent remunerations. 
Equal Opportunity Employer M/F. 
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LONG BEACH VETERANS ADMINISTRATION 
MEDICAL CENTER 
UNIVERSITY OF CALIFORNIA, IRVINE 


The Long Beach Veterans Administration Medical Center 
and the University of California, Irvine are seeking a board 
certified radiologist for a staff position at the Long Beach 
Veterans Administration Medical Center. A position with an 
academic rank appropriate to experience is expected in the 
faculty of the Department of Radiological Sciences at the 
University of California, Irvine. 


The residency program is integrated between the two insti- 
tutions, and teaching and research programs are closely 
coordinated. Specific training in ultrasound, body and head 
CT scanning and in neuro-radiology is necessary. Teaching 
experience and demonstrated interest in research are desir- 
able. Salary is commensurate with experience. 


The University of California, Irvine is an Equal Opportunity 
and Affirmative Action Employer. Interested candidates 
should forward their curriculum vitae and appropriate date 
of availability to: 


Richard M. Friedenberg, M.D. 

Professor and Chairman 

Department of Radiological Sciences 
University of California, Irvine Medical Center 
101 City Drive, South 

Orange, CA 92668 
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LONG BEACH VETERANS ADMINISTRATION 
MEDICAL CENTER 
UNIVERSITY OF CALIFORNIA, IRVINE 


The Long Beach Veterans Administration Medical Center 
and the University of California, Irvine are seeking a 
board certified radiologist for a staff position at the Long 
Beach Veterans Administration Medical Center. A posi- 
tion with an academic rank appropriate to experience is 
expected in the faculty of the Department of Radiological 
Sciences at the University of California, Irvine. The 
residency program is integrated between the two insti- 
tutions, and teaching and research programs are closely 
coordinated. 


Fellowship experience in neuro-radiology is necessary. 
Teaching experience and demonstrated interest in re- 
search are desirable. Salary is commensurate with ex- 
perience. 


The University of California, Irvine is an Equal Oppor- 
tunity and Affirmative Action Employer. Interested can- 
didates should forward their curriculum vitae and ap- 
proximate date of availability to: 


Richard M. Friedenberg, M.D. 

Professor and Chairman 

Department of Radiological Sciences 
University of California, Irvine Medical Center 
101 City Drive, South 

Orange, CA 92668 








PULMONARY 
RADIOLOGIST 


Temple University School of Medicine is 
seeking a Board certified Radiologist for 
faculty position, to direct the Section of 
Pulmonary Radiology. The candidate shall 
be proficient in all areas of pulmonary 
imaging, preferably with pulmonary radio- 
logy fellowship training, have demon- 
strated skills as a teacher and have an 
established reputation in research, 
preferably with grant funding. Applicant 
should send curriculum vitae and biblio- 
graphy to Francis J. Shea, MD, Director of 
Radiology, 


Temple University 
School of Medicine 


Broad and Ontario Sts. 
Phila., PA 19140. 


An Equal Opportunity, 
Affirmative Action Employer. 
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Protect your copies of 


AJNR: AMERICAN 
JOURNAL OF 
NEURORADIOLOGY 


with Jesse Jones Binders or Files 


Keep your journals clean, orderly, and readily acces- 
sible with Jesse Jones Binders or Files. One Binder or 
one box style File is all you need to accommodate a 
full year’s worth of issues. Both Binders and Files are 
handsomely made with rich dark blue leatherette 
covers and gold leaf embossed lettering. 


Jesse Jones Binders open flat for easy reading and 
reference and are economically priced at only $9.95 
each; 3 for $27.95, or 6 for $52.95 postpaid. The rugged, 
compact box Files are only $7.95 each; 3 for $21.95, or 6 
for $39.95. Add $1.00/unit postage and handling. 
(Outside the U.S. add $2.50/unit.) 


For charge orders call toll free 1-800-972-5858. ($15.00 
minimum). 


Free gold transfer slips included for indexing volume 
and year. 


Please allow four to five weeks for delivery. 


TO: Jesse Jones Industries 
499 E. Erie Avenue, DEPT. AJNR 
Philadelphia, PA 19134 


I enclose my check or money order for $ 
(PA residents add 6% sales tax) 


Send me O Files O Binders for my journals 





Name 
Address (will not ship to P.O. Box) 
City/State/Zip 


Satisfaction guaranteed. 
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<< for virtually every diagnostic need. Fuji’s pro- 
™ cessors and daylight equipment are considered by 

- many to be setting new standards for quality, relia- 
bility and ease of operation. 

‘Whether it’s very wide latitude films for chest 
radiography, single emulsion films for mammogra- 
phy, CT, MRI, new silver halide grain formation tech- 
nologies, or even films and equipment for digital 
imaging modalities using laser, Fuji has the capacity 
to produce and the commitment to perform. 


So the Best of Both Worlds is Available! 
You can have Fuji quality ya still satisfy mandates 
to reduce cost! _ 

Call your local Pyne representative today. 
For special Multi-Facility programs, contact 
Nati = ; al Accounts ee 1-800-431-1850 
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881 Caldwell lecture. Armchair research and the practicing 
radiologist. Fe/son B 

891 ARRS Executive Council Award paper. MR imaging of 
the lumbar spine: anatomic correlations and the ef- 
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899 Radiographic manifestations of bronchiolitis obliterans 
with organizing pneumonia vs usual interstitial pneu- 
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Katzenstein A 
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911 Postoperative recurrence of lung cancer: detection 
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In prospective clinical investigations, authors should document that 
informed consent was obtained from patients. The material submitted 
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diology, Massachusetts General Hospital, Boston, MA 02114: tele- 
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the proof. 
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are included and previously published text or illustrations have been 
identified in the manuscript.” (Delete the last sentence if it does not 
apply.) The covering letter also should state that the manuscript has 
been seen and approved by all the authors. 


Manuscript Form 


AJR complies with the Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals (Ann Intern Med 1979;90:95-99). 
Manuscripts must be typed double-space throughout, including 
references, tables, and figure legends. Each table, the footnotes, and 
the figure legend section should begin on separate sheets; a separate 
title page should be provided. Send the original typescript, one copy, 
and two sets of illustrations (not photocopies). Authors’ names should 
be on the title page only so that author anonymity can be maintained 
during the review process. Permission to reprint previously published 
material should accompany the manuscript. 


Organization of Major Articles 
Title Page 


Titles should be brief yet precise, accurately conveying the content 
of the paper. Limit authors to those who made substantial contribu- 
tions to the work. Include an address for each author, and ZIP or 
postal code; acknowledgment of grant or other financial support 
when appropriate; name of meeting, location, and date if the paper 
was presented; a running head (shortened title); and the name, 
address, and telephone number of the author to whom correspond- 
ence and requests for reprints should be addressed. 


Abstract 


A description of the purpose, methods, results, and conclusions of 
the study is required. The factual highlights of each section should 
be recapitulated. 


Introduction 


Clearly state the purpose of the investigation, including necessary 
background facts that indicate its current relevance. 


Materials [or Subjects] and Methods 


Describe the research plan, the materials or subjects, and the 
methods, in that order. Proof of disease and control of subjectivity in 
observations should be detailed. Metric measurements should be 
used throughout. Put measurements in the International System of 
Units (SI) in parentheses when appropriate; for example, 400 rad (4 
Gy). 


Results 


Present results in logical sequence. If tables are used, do not 
duplicate tabular data but do describe important points and trends. 


Case Reports 


Individual cases can be described if there are only a few; one or 
more cases from a large series can be described individually as 
Representative Case Reports. Each report should concentrate on 
the radiologic information and its usefulness. 


Discussion 


Offer appropriate limitations about the research plan, materials or 
subjects, and methods to give perspective to their adequacy for the 
purpose of the study. Interpret the results to lend meaning and 
importance to the observations. Hypotheses and speculation based 


on the results are encouraged. When results differ from those of 
previous investigations, an attempt should be made to explain the 
discrepancy. Conclude with a brief statement regarding clinical sig- 
nificance. 


Acknowledgments 


Acknowledge only persons who have made substantive contribu- 
tions to the study. Mention grant support on the title page. 


References 


References should be offered to document major assertions of fact 
and any opposing evidence and concepts. Discretion in number is 
requested. References should be cited in the text by number (e.g., 
[3, 4]). The reference list should be arranged in the numeric order 
that references are cited in the text and typed double-spaced 
throughout. References cited first or only in tables or figure legends 
should be numbered by the sequence in which the table or figure is 
first identified in the text. Data for each reference should be arranged 
according to the style adopted by the U.S. National Library of Medi- 
cine and used in Index Medicus. Accuracy of reference data is the 
responsibility of the author. Provide all authors’ (or editors’) names 
when fewer than seven; when seven or more, list the first three and 
add et al. Provide inclusive page numbers; if an article is only one 
page, please indicate. Abbreviations for titles of medical periodicals 
should conform to those published in /ndex Medicus. Articles that 
appear in both AJR and AJNR should be a single reference that cites 
both journals (example 3). Examples: 

1. Kirks DR, Fram EK, Vock P, Effmann EL. Tracheal compres- 
sion by mediastinal masses in children: CT evaluation. AJR 
1983;141:647-651 

2. Khansur T, Yam LT, Tavassoli M. Serum monitors of bone metas- 
tasis. In: Stoll BA, Parbhoo S, eds. Bone metastases: monitoring 
and treatment. New York: Raven, 1983:165-180 

3. Sage MR. Review. Kinetics of water-soluble contrast media in 
the central nervous system. AJNR 1983;4:897-906, AJR 1983; 
141:815-824 

Unpublished data and personal communications should not be num- 

bered references but should be put in parentheses in the text (e.g., 

Smith JD, personal communication). 


Tables 


Tables should be concise and organized to show trends, not merely 
compilations of raw data. (The Editor may request that tables of 
backup data too extensive to be published be deposited with the 
National Auxiliary Publications Service or made available by the 
author.) Include only data pertinent to the subject. Long itemized 
case histories are better presented in the text as case reports or 
summaries. Do not repeat in tabular form material presented in the 
text. Tables should have titles and headings, but no vertical or 
horizontal rules. 


Illustrations 


Figures should be submitted as 13 x 18 cm (5 x 7 inch) glossy, 
black-and-white prints, untrimmed and unmounted. Labels and ar- 
rows must be of professional quality and removable. Number each 
figure to correspond with the figure legends and indicate the top. 


Avoid writing directly on the back of the print. Special permission for 
publication of facial photographs of patients or for previously pub- 
lished pictures is required. Line illustrations or graphs must be profes- 
sionally drawn in black ink on white background; please send pho- 
tographic prints (not photocopies), not originals, to avoid damage in 
handling. Color illustrations will be used at the discretion of the Editor; 
send color prints. Firm estimates of cost will be sent to the author(s) 
for approval before publication. Identical anatomic structures in color 
prints should be the same size to facilitate reproduction and reduce 
cost. 


Legends 


Figure legends should carry a title identifying the message of the 
illustration and the case number if individual cases are described in 
the text. Legends should be as brief as possible for the informed 
reader to understand the figure. Detailed clinical data should be 
avoided. Legends for previously published illustrations should cite 
the reference number of the source (e.g., Reprinted from [8}). 


Organization of Case Reports 


Concise case reports will be considered for publication if they 
present unusual experiences that are medically important and instruc- 
tive. Clarity and brevity are essential. After preliminary screening by 
an editor to determine whether the requirement of medical signifi- 
cance has been met, qualifying papers will undergo the same peer 
review as major papers. To facilitate planning the order and layout of 
each issue, case reports are limited in length to two journal pages. 
The introduction should be one short paragraph that gives some 
general background of the disorder and the specific interest and 
message of the case presented. Only one case should be described 
in detail. The case report should concentrate on the radiologic infor- 
mation and its usefulness. The discussion should focus on the specific 
message of this report and the relevance of radiology in this instance. 
if the author has encountered other cases, they may be briefly 
mentioned, and possibly illustrated, but not described in detail. There 
should be no more than eight references. The figures should be 
limited to the minimum required to document the case findings, 
probably not more than four pictures, each a column wide (or the 
equivalent). Excess illustrations would require severely shortening 
the text. Figure legends should be as short as possible and should 
not repeat the text. There can be no tables and no acknowledgments. 
See previous sections for detailed instructions regarding references 
and illustrations. 


Other Contributions 
Technical Notes 


Brief descriptions of new techniques or significant modifications of 
older ones that are directly applicable to the clinical practice will be 
accepted if review is favorable. Technical notes do not carry abstracts 
or acknowledgments. 


Letters to the Editor 


Letters are subject to editing and condensation. Criticism of pub- 
lished articles should be objective and constructive. Letters also may 
discuss matters of general interest to radiologists. 
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A way to get more done in a day. 

Kodak has a system to help you spread yourself 
around without spreading yourself thin. A way to 
make some trips across the hospital, or across town, 
unnecessary. The Kodak Ektascan image transmis- 
sion system sends radiographs and other images to 
you, or from you, wherever you are, or even where 
you aren't: it can receive and store images while 
you're away. It can help make a busy radiologist 
more efficient and cut down on trips between hos- 
pital and imaging centers. It can call in a consultant 
in minutes instead of hours. It can even be an effec- 
tive teaching tool for new staff, residents, and stu- 
dents. And, because it can do these things, It 
expedites patient care. 


The imaging system 

from the imaging experts. 

The Ektascan image transmission system digitizes 
any image, enhances it, stores it, and transmits It 
anywhere there’s a receiver system and a phone 
line. With the image quality you expect from Kodak. 
It’s the nucleus of an ever-evolving system which 
will continue to be on the leading edge of technol- 
ogy, without obsoleting what came before. Always 
with Kodak's exceptional service and support. Ask 
your Kodak representative for details or, if you can't 
wait, call 1 800 448-3400, Ext. 492. 
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ISOMGE 200 


} lopamidol injection ón 


Nonionic contrast media that causes less 


pain than a leading ionic agent. 


* With Isovue, patients found 
procedures less painful; physicians 
saw fewer signs of distress 


Isovue-300 is low in osmolality— 616 mOsm/kg water. 
Using a visual analog scale, patients undergoing 
peripheral arteriography ranked their pain from “no 
pain” to “the worst pain | ever had’’ On a linear scale 
from zero to 12.4 cm, the mean pain rating for 99 
patients given a total of 155 injections of Isovue-300 
was 2.3 cm compared with 6.3 cm for 97 patients 
given a total of 144 injections of the ionic agent dia- 
trizoate meglumine and diatrizoate sodium 52%/8%. 
By observing signs of distress, such as movement 
and/or vocalization, physicians ranked patient distress 
as being absent, mild, moderate, or severe. When 
Isovue was compared with diatrizoate meglumine and 
diatrizoate sodium 52%/8%, the number of injections 
judged to cause severe distress was 2/299 (1%) com- 
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pared with 23/293 (8%); moderate distress, 13/299 
(4%) compared with 58/293 (20%); mild distress, 
59/299 (20%) compared with 94/293 (32%); and no 
distress, 225/299 (75%) compared with 108/293 
(37%), respectively. 

As with all injectable contrast agents, the possi- 
bility of severe reactions should be borne in mind. 
(See brief summary of prescribing information on the 
last pages of this advertisement for a discussion of 
CONTRAINDICATIONS, WARNINGS, PRECAU- 
TIONS, and ADVERSE REACTIONS.) 


ISOVGE 


lopamidol injection 


Nonionic. Low in osmolality. 
Also for cerebral and 
selective visceral arteriography; 
aortography; intravenous CECT 
head and body imaging. 


SQUIBB’ 
Diagnostics 

For brief summary of prescribing information, 

see last page of this advertisement. 





ISOVUE"-300 
lopamidol Injection 61% 
ISOVUE"-370 
lopamidol Injection 76% 
DESCRIPTION—ISOVUE (iopamidol injection) is a nonionic radiopaque contrast me- 
dia for diagnostic use. The formulations are stable, aqueous, sterile, and nonpyrogenic 
solutions for intravascular administration. Each mL of ISOVUE-300 (iopamidol injec- 
tion 61%) provides 612 mg iopamidol with 1 mg tromethamine and 0.39 mg edetate 
calcium disodium. The solution contains approximately 0.037 mg (0.002 mEq) so- 
dium and 300 mg organically bound iodine per mL. Each mL of ISOVUE-370 (iopamidol 
injection 76%) provides 755 mg iopamidol with 1 mg tromethamine and 0.48 mg edetate 
calcium disodium. The solution contains approximately 0.046 mg (0.002 mEq) so- 
dium and 370 mg organically bound iodine per mL. The pH has been adjusted to 6.5 to 
7.5 with hydrochloric acid. 
CONTRAINDICATIONS—None. 
WARNINGS—Use caution in patients with severely impaired renal function, combined 
renal and hepatic disease, or anuria, particularly when larger doses are administered. 
Radiopaque diagnostic contrast agents are potentially hazardous in patients with mul- 
tiple myeloma or other paraproteinemia, particularly in those with therapeutically re- 
sistant anuria. It has been speculated that the combination of the contrast agent and 
dehydration may be causative of anuria in myelomatous patients. This risk is not a 
contraindication; however, special precautions are required. Contrast media may pro- 
mote sickling in individuals who are homozygous for sickle cell disease when injected 
intravenously or intraarterially. Administration to patients known or suspected of hav- 
ing pheochromocytoma should be performed with extreme caution. If the possible 
benefits outweigh the considered risks, the procedures may be performed; however, 
the amount of the medium injected should be kept to an absolute minimum. Assess 
blood pressure throughout the procedure and have measures for treatment of a 
hypertensive crisis available. Monitor such patients very closely. Use caution in pa- 
tients with hyperthyroidism or with an autonomously functioning thyroid nodule be- 
cause of risk of thyroid storm. 
PRECAUTIONS: General—Diagnostic procedures should be carried out under the 
direction of personnel with the prerequisite training and a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available for 
coping with any complication of the procedure, or for emergency treatment of severe 
reaction to the agent itself. After parenteral administration, competent personnel and 
emergency facilities should be available for at least 30 to 60 minutes since severe 
delayed reactions may occur. Preparatory dehydration is dangerous and may con- 
tribute to acute renal failure in susceptible patients. Patients should be well hydrated 
prior to and following administration. Reactions to the medium, including serious, life- 
threatening, fatal, anaphylactoid or cardiovascular reactions, should always be con- 
sidered (see ADVERSE REACTIONS in the product package insert). Patients at 
increased risk include those with a history of a previous reaction to a contrast me- 
dium, a known sensitivity to iodine per se, and a known Clinical hypersensitivity (bron- 
chial asthma, hay fever, and food allergies). Pretesting cannot be relied upon to predict 
severe reactions and may itself be hazardous for the patient. A thorough medical 
history with emphasis on allergy and hypersensitivity prior to the injection of any 
contrast medium may be more predictive and accurate than pretesting. Premedication 
with antihistamines or corticosteroids to avoid or minimize possible allergic reactions 
in such patients should be considered. General anesthesia may be indicated in some 
procedures in selected patients; however, a higher incidence of adverse reactions 
has been reported in anesthetized patients, which may be attributable to the inability 
of the patient to identify untoward symptoms, or to the hypotensive effect of anesthe- 
sia which can reduce cardiac output and increase the duration of exposure to the 
agent. Even though the osmolality is low compared to diatrizoate or iothalamate based 
ionic agents of comparable iodine concentration, the potential transitory increase in 
the circulatory osmotic load in patients with congestive heart failure requires caution 
during injection. Observe these patients for several hours following the procedure. In 
angiographic procedures, be aware of the possibility of dislodging plaques or dam- 
aging or perforating the vessel wall during catheter manipulations and contrast me- 
dium injection. Test injections to ensure proper catheter placement are suggested. 
The inhibitory effects of nonionic contrast media on mechanisms of hemostasis 
have been shown, in vitro, to be less than ionic contrast media at comparable concen- 
trations. For this reason, standard angiographic procedures should always be followed: 
angiographic catheters should be flushed frequently, and prolonged contact of blood 
with contrast in syringes and catheters should be avoided. Perform selective coronary 
arteriography only in those in whom the expected benefits outweigh the procedural 
risk. The inherent risks of angiocardiography in patients with chronic pulmonary em- 
physema must be weighed against the necessity for performing this procedure. 
Angiography should be avoided whenever possible in patients with homocystinuria, 
because of the risk of inducing thrombosis and embolism. 
Drug Interactions—Renal toxicity has been reported in a few patients with liver dys- 
function who were given oral cholecystographic agents followed by intravascular con- 
trast agents. Administration of intravascular agents should therefore be postponed in 
any patient with a known or suspected hepatic or biliary disorder who has recently 
received a cholecystographic contrast agent. Other drugs should not be admixed 
with iopamidol. 
Drug/Laboratory Test Interactions—PBI and radioactive iodine uptake studies will 
not accurately reflect thyroid function for up to 16 days following administration, how- 
ever T3 resin uptake and total or free thyroxine (T4) assays are not affected. Any test 
which might be affected by contrast media should be performed prior to administration 
of the contrast media. 
Carcinogenesis, Mutagenesis, Impairment of Fertility—in animal reproduction stud- 
ies performed on rats, intravenously administered iopamidol did not induce adverse 
effects on fertility or general reproductive performance. In studies to determine muta- 
genic activity, iopamidol did not cause any increase in mutation rates. 
Pregnancy Category B—No teratogenic effects attributable to iopamidol have been 
observed in teratology studies performed in animals. There are, however, no ade- 
quate and well controlled studies in pregnant women. It is not known whether iopamidol 
crosses the placental barrier or reaches fetal tissues. Because animal studies are not 
always predictive of human response, this drug should be used during pregnancy 
only if clearly needed. Radiologic procedures involve a certain risk related to the 
exposure of the fetus to ionizing radiation. 
Labor and Delivery—It is not known whether use during labor or delivery has immedi- 
ate or delayed adverse effects on the labor, the delivery or the newborn. 
Nursing Mothers—It is not known whether iopamidol is excreted in human milk. Use 
caution when contrast media are administered to nursing women because of poten- 
tial adverse reactions; consideration should be given to temporarily discontinuing 
nursing. 
Pediatric Use—Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS—Usually mild to moderate, self-limited and transient. In angio- 
cardiography (597 patients), the adverse reactions with an estimated incidence of one 
percent or higher are: hot flashes 3.4%; angina pectoris 3.0%; flushing 1.8%; brady- 


cardia 1.3%; hypotension 1.0%; hives 1.0%. Intravascular injection is frequently associ- 
ated with the sensation of warmth and pain, especially in peripheral arteriography; pain 
and warmth are less frequent and less severe with ISOVUE (iopamidol injection) than 
with diatrizoate meglumine and diatrizoate sodium injection. The following table of 
incidence of reactions is based on clinical studies with ISOVUE in about 1760 patients. 


Adverse Reactions 
Estimated Overall Incidence 
System > 1% <1% 


Cardiovascular none tachycardia 
hypotension 
hypertension 
myocardial ischemia 
circulatory collapse 
S-T segment depression 
bigeminy 
extrasystoles 
ventricular fibrillation 
angina pectoris 
bradycardia 
transient ischemic attack 
thrombophlebitis 

Nervous pain (2.2%) vasovagal reaction 

burning sensation (1.4%) tingling in arms 
grimace 
faintness 

Digestive nausea (1.2%) vomiting 

anorexia 

throat constriction 

dyspnea 

pulmonary edema 

Skin and Appendages none rash 

urticaria 

pruritus 

flushing 

headache 

fever 

chills 

excessive sweating 

back spasm 

taste alterations 

warmth in throat/arms/chest 

nasal congestion 

visual disturbances 

urinary retention 


Respiratory none 


Body as a Whole hot flashes (1.5%) 


Special Senses none 


Urogenital none 


Regardless of the agent employed, overall estimated incidence of serious adverse 

reactions is higher with coronary arteriography than with other procedures. Cardiac 
decompensation, serious arrhythmias, or myocardial ischemia or infarction may oc- 
cur during coronary arteriography and left ventriculography. Following coronary and 
ventricular injections, certain electrocardiographic changes (increased QTc, increased 
R-R, T-wave amplitude) and certain hemodynamic changes (decreased systolic pres- 
sure) occurred less frequently with ISOVUE (iopamidol injection) than with diatrizoate 
meglumine and diatrizoate sodium injection; increased LVEDP occurred less frequently 
after ventricular iopamidol injections. In aortography, the risks of procedures also 
include injury to the aorta and neighboring organs, pleural puncture, renal damage 
including infarction and acute tubular necrosis with oliguria and anuria, accidental 
selective filling of the right renal artery during the translumbar procedure in the pres- 
ence of preexisting renal disease, retroperitoneal hemorrhage from the translumbar 
approach, and spinal cord injury and pathology associated with the syndrome of 
transverse myelitis. Adverse effects reported in literature include arrhythmia, arterial 
spasms, hematuria, periorbital edema, involuntary leg movement, malaise, and 
triggering of deglutition; some of these may be procedural. Other reactions due to 
procedural hazards include hemorrhage or pseudoaneurysms at the puncture site, 
brachial plexus palsy following axillary artery injections, chest pain, myocardial 
infarction, and transient changes in hepatorenal chemistry tests; and rarely arterial 
thrombosis, displacement of arterial plaques, venous thrombosis, dissection of the 
coronary vessels and transient sinus arrest. 
General Adverse Reactions To Contrast Media—Reactions known to occur with par- 
enteral administration of iodinated ionic contrast agents (see the listing below) are 
possible with any nonionic agent. Life-threatening reactions and fatalities, mostly of 
cardiovascular origin, have occurred. Reported incidences of death from the admin- 
istration of other iodinated contrast media range from 6.6 per 1 million (0.00066%) to 1 
in 10,000 patients (0.01%). Foreign experience in approx. 2.4 million patients receiv- 
ing iopamidol suggest a lower risk of mortality. Most deaths occur during injection or 
5 to 10 minutes later, the main feature being cardiac arrest with cardiovascular dis- 
ease as the main aggravating factor. Isolated reports of hypotensive collapse and 
shock (est. 0.005%) are found in the literature. Experience with iopamidol suggests 
there is much less discomfort (e.g., pain and/or warmth) with peripheral arteriogra- 
phy. Fewer changes are noted in ventricular function after ventriculography and coro- 
nary arteriography. The reported incidence of adverse reactions to contrast media in 
patients with a history of allergy is twice that for the general population; patients with a 
history of previous reactions to a contrast medium are three times more susceptible. 
Most reactions to intravascular contrast agents appear within 1-3 minutes after the 
start of injection, but delayed reactions may occur (see PRECAUTIONS, General). 
Adverse reactions reported with other intravascular contrast agents and theoretically 
possible with iopamidol include: Cardiovascular: vasodilation, cerebral hematomas, 
petechiae; Nervous: paresthesia, dizziness, convulsions, paralysis, coma; Respiratory: 
increased cough, asthma, laryngeal edema, pulmonary edema, bronchospasm, rhi- 
nitis; Skin and Appendages: injection site pain usually due to extravasation and/or 
erythematous swelling, skin necrosis; Urogenital: osmotic nephrosis of proximal tu- 
bular cells, renal failure, pain; Special Senses: bilateral ocular irritation: lacrimation; 
conjunctival chemosis, infection, and conjunctivitis; Other: neutropenia, thrombo- 
phlebitis, flushing, pallor, weakness, severe retching and choking, wheezing, cramps, 
tremors, and sneezing. 


For full prescribing information consult package insert. (J3-652C) 


Under license from Bracco Industria Chimica S.p.A. U.S. Patent #4,001,323 


© 1986 E.R. Squibb & Sons, Inc., Princeton, NJ 646-503 Issued: Sept. 1986 





The LORAD M-II" 





Dedicated Mammography 
System...ideal for both 
Low Cost Screening and 
Sophisticated Diagnosis 








Standard equipment includes: 


Contact Film-screen Mode, with spe- 
cially-designed breast compression de- 
vices and matching cassette holders. 


Magnification Mode, including com- 
plete assembly which quickly attaches as 
a unit. It works with the new microfocus 
x-ray tube with rotating molybdenum tar- 
get and alternative microfocal spot of .1 
mm to give sharp, clearly-resolved magni- 
fied images. The special built-in LOrad 
5-plate collimator with alight field indica- 
tor makes it easy to confine the beam pre- 
cisely to the area of concern. 


LOrad M-II meets the increasing demand for cost-effective mam- 
mographic screening systems. When operating in a screening mode, 
outstanding thruput results from LOrad M-II’s compression and posi- 
tioning controls, quick change cassette holders, continuously adjust- 
able collimator, and automatic exposure. Easily mobile on large wheels, 
it plugs into any standard 115 volt power source, yet automatically 
delivers clean power at constant potential. And when a suspicious read- 
ing makes sophisticated diagnostic procedures advisable, LOrad’s mag- 
nification and biopsy modes are easily attached. 


Biopsy localization mode. Its spe- 
cial compression device is perforated for 
a biopsy needle. The side-loading cas- 
sette allows the technologist to maintain 
positioning during film changes. 

Grid Systems available. 

The money-saving, time-saving new 
LOrad Permagrid™ has a stationary grid 
built into a specially engineered LOrad cas- 
sette holder. This slips easily onto the 
image receptor and accepts standard cas- 
settes, and may be loaded and unloaded 
from either side. For those who prefer 
them, a Bucky moving grid or separate sta- 
tionary grids are available. 


LEASING PLANS AVAILABLE THROUGH YOUR DEALER. For his name, phone: 


LOrad Medical Systems, Inc. 
Eagle Road 
Danbury, CT 06810 
(203) 798-1127 
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YOU KNOW ALL ABOUT IMAGING NEGATIVES. 











NOW, RAYTHEON OFFERS YOU SOME POSITIVES. 


Take heart. Those imaging nega- 
tives you face every day may not 


be as overwhelming as they seem. 


Dwindling budgets. Escalating 
costs. Runaway technology. 
Problems, all. Negatives, all. Yet 
there is a way to cope. There is a 
way to convert those imaging 
negatives into positives. 
Raytheon Medical Systems! 
You demand quality imaging 
systems! Raytheon delivers. You 
demand prices that won't upset 


your budget! Raytheon delivers. 
And you demand excellent imaging 
results! Again, Raytheon delivers. 
Because Raytheon Medical 
Systems believes that quality starts 
with fundamentals. And because 
we are part of a 7-billion-dollar 
multinational company, we offer the 
fundamentals that are important to 
you: strength, capability, support. 
Raytheon Medical Systems can 
provide the knowledge, the 
resources, and the insight required 


to deliver the kind of imaging 
equipment you want. 

Raytheon Medical Systems. The 
one imaging company with the 
capabilities and the commitment 
that can change your negatives 
into positives. 


Raytheon — 


MEDICAL SYSTEMS 
2020 North Janice Avenue 
Melrose Park, Illinois 60160 
1-312-865-2600 
1-800-323-2213 








Imination 


XA CELLEN £ 





Modular Mobile Illuminator 


S&S X-Ray medical film read- 
ing illumination excellence has 
provided radiologists with 
unequalled quality and 
reliability for over 

30 years. 


The S&S commitment to quality 
and R&D has earned the 
reputation for excellence we 
enjoy, and has made S&S the 
world’s largest manufacturer of 
Motorized Viewers. 


Models’ film capacity range from 
48 14”x17” radiographs to 400 


el MV200A with opti vo 
(4 over 4). Mod 200A with optional M 


200C and MV200T 


Whether stationary or motor- 
ized, S&S viewers together with 
our complete line of x-ray acces- 
sories are designed and engi- 
neered to fit every need, every 
budget. 





Catalog available upon request. 


Engineered and produced by the world’s leading manufacturer of X-Ray Accessories — 


/ ADY S:S X-RAY PRODUCTS, INC. 


87-93 Jay Street, Brooklyn, NY 11201 
Telex: 219262 TLX UR 

Tel: In NY State: (718) 852-6900 

Toll Free: (800) 221-6634 
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Procedure Trays 
to control costs 
Se eT „new from E-Z-EM 


set of disposable trays to help 
hospitals and private practices 
control biopsy costs on a per- 
procedure basis. 

The result: 


E-Z-EM’s new PercuSet line of 
disposable biopsy trays creat- 
ing asystem of procedure trays— 
a system of trays which offers 
the doctor progressive degrees 
of procedure capability. 





The PercuSet Skin Prep Tray in- 
cludes every implement and 
agent needed to cleanse, 
aseptisize, and anesthetize the 
procedure area—for biopsy, or 
for any percutaneous procedure. 





The PercuSet Basic Biopsy Tray 

includes all the elements of the 
Prep Tray, plus a needle stop, and 
aruler/protractor, andthe option 
of an E-Z-EM biopsy needle. 


The PercuSet Expanded Biopsy 
Tray adds a specimen-handling 
section, for complete biopsy 
procedure capability, also 

with the option of an E-Z-EM 
biopsy needle. 








PercuSet Biopsy Trays assure 
absolute sterility, minimize 
component handling, 
eliminate cross-contamination, 
and are laid out in a logical 
procedural sequence. 


They provide effective cost 
control, and reduce inventory 
management of components. 


For additional information and 
a color brochure that details 
the PercuSet System, contact 
your local representative, or call 
E-Z-EM toll-free at 800-645-3052. 
In New York call 516-333-8230. 


E-Z-EM 


More than barium— 
much more 


E-Z-EM, Inc. 

-J- ® , 

EN 7 Portland Avenue 
Westbury, N.Y. 11590 


© 1986 E-Z-EM, Inc. 





Toshiba's TCT-900S... 





CT beyond the 
fourth generation. 


Toshibas TCT-900S scanner is 
indisputably unique to the CT 
imaging industry. In fact, Toshiba's 
leading edge technology actually 
takes CT beyond the fourth gener- 
ation into another dimension with 
these technological features found 
in no other comparable system: 


1. Consistently superior image 
quality: just what you expect 
from Toshiba. 

2. Nutate/Rotate geometry with 
continuous scan: thirty scans 
in thirty seconds. 

3. True dynamic scan: no inter- 
scan delay. 

4. Sub-second scanning: quality 
images in 0.6 seconds. 


Let the competition tell you that 
CT technology can go no further. 
But you owe it to yourself to see 
just how far Toshiba can really go... 


- ai 
wae n 
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Call or write: Toshiba Medical Systems, 
2441 Michelle Drive, Tustin, CA 92680. 
In California, call (714) 669-5419. Outside 
California, call toll-free (800) 421-1968. 
In Canada, call (416) 298-6100. 





In Touch with Tomorrow 


EEE TOSHIBA 


GLOBAL IMAGING SPECIALISTS 














Tecnomed USA 


DO 


MAMMOGRAPHIC 
SYSTEM 








In the beginning... 
The original MAMEX DC 


The Mamex DC is a complete mammographic 
system, consisting of a modern, efficient DC 

generator which virtually eliminates “ripple” and 
gives a higher resolution image with consistently 
higher subject contrast; a molybdenum anode 
x-ray tube; and a motorized compression system 
with floor remote control. 


Standard features: 

* Compact DC generator with automatic + 
exposure control. 
Exposures can be made once every 30 seconds. 

* Stand designed for x-ray examination of the 
breast. 

* Hardened glass screen protects technician 
during exposure. 

* Floor remote compression control. 

* Phototiming detector position selector. 

* Field light. 

* Breast compression plate; 

Biopsy compression plate; 

Spot cone compression plate. 

18x24cm Kodak Min-R cassette with screen. 

Film identification markers. 

Automatic line voltage compensation. 

.6x.6 stationary anode molybdenum x-ray tube 

with beryllium window. 


+ + + 


Options: 

* 200L 3.5:1 grid. 

* Carbon fiber cassette tunnel with grid pocket. 
* In-hospital wheel assembly (shown). 

* Van wheel assembly. 


Mamex DC... 


* Five-year proven track record of performance 
and reliability; 

x Hundreds of satisfied physicians, clinics, and | 
hospitals throughout the United States and 
internationally; 

* Full 12-month non-prorated warranty on the 

=e x-ray tube; | 

* Average midbreast dosages, on a 2-film exam of 
a 6cm compressed breast, of .07R or less (as 
documented by the University of Michigan x 
Breast Cancer Detection Center - Ingvar 
Andersson, M.D.) 


ss ... Offers your facility the very best in diagnostic 
Original MAMEX DC equipment available in today’s marketplace. 
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LEADER IN THE DEVELOPMENT OF NONIONIG CONT hago T MEDIA 


Improving the safety profile 
in a broad spectrum of applications. 














Excellent vascular tolerance: low 
incidence of postphlebographic thrombosis."* 


D Significant improvement in comfort reduces patient motion+5: 
Less need for repeat examinations. 


Subjective Sensations in Peripheral Arteriography 


No or slight reactions 
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~— E lohexol 
"eg f (n= 133 patients) 
<— = E lonic Monomeric Media* 
meglumine 66%/sodium 10%; iothalamate meglumine 60%. r (n=7130 patients) 





*Diatrizoate meglumine 52%/sodium 8%; diatrizoate 





D Improved hemodynamic profile over conventional ionic media. 
Systolic and diastolic pressures are maintained near baseline levels.®’ 


i Improving the nephrotoxicity profile: Minimal effect on glomerular 
filtration rate, permeability, or albumin excretion.89 


Not recommended for patients with anuria. Since adverse reactions 
can occur with nonionic media, similar preparations to those 
recommended for ionic media should be planned to handle severe 
or potentially fatal reactions. 


D Wider margin of safety even at higher iodine concentrations. 
Less potential for renal damage compared to conventional ionic media. 
Minimal effect on creatinine levels and renal enzymes. 1° 


Significant improvement in patient comfort 
in cerebral arteriography. 


ft Significant improvement over conventional ionic contrast media: 
Fewer and milder pain and warmth sensations.'""' 
Excellent neurotoxicity profile.t 


D Excellent cardiovascular safety profile: Fewer injections 
accompanied by major changes in heart rate.614.15 


For peripheral arteriography: Recommended concentrations— Adapted from Wolff; data on file, Winthrop-Breon Laboratories.° 
OMNIPAQUE 300 (300 mgl/mL) or OMNIPAQUE 350 (350 mglI/mL). Comparable concentration and volume per injection 

For cerebral arteriography: Recommended concentration— 

OMNIPAQUE 300 (300 mglI/mL). 














Excellent diagnostic quality in 
intravenous digital subtraction angiography. 


n [Ò Greater patient comfort, better tolerance: Most subjective side 
effects are mild.®'*'® | 


D Excellent diagnostic images: Significantly less image degradation 
secondary to swallowing, motion, coughing. '® 


ft Good to excellent radiographic quality achieved in 94% of 
patients studied (n = 81).61®18 94% of carotid DSA studies conducted 
with no or only slight artifacts."’ 


Excellent patient tolerance 
in excretory urography. 


+ + n ; 
Less nausea, vomiting, and heat sensation compared to 
conventional ionic contrast media. 


D In 96% of patients, discomfort was absent or mild.° 


= & 


E lohexol 
(n = 195 patients) 
W ionic Monomeric Media* 
(n = 164 patients) 
*Diatrizoate meglumine 52%/sodium 8%, iothalamate 
sodium; metrizoate meglumine/Na//Ca 


Discomfort in Urography 


Moderate 


Severe 





Data on file, Winthrop-Breon Laboratories.’ 
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(IOHEXOL) 





‘See following pages for important product information concerning 
contraindications, warnings, adverse reactions, patient selection 
and precautionary recommendations 








Improving the safety profile 
in a broad spectrum of applications. 


> 
i Less chemotoxicity than ionic contrast media.'® 
D Lower osmolality than conventional ionic media. 


f) Minimal effect on key physiologic parameters’: Well tolerated by 
most patients. 


[Less neurotoxic than conventional ionic media. 
D Few direct or indirect cardiovascular effects.2°2' 


ft Improved patient comfort: Fewer artifacts due to motion 
and swallowing. '°'® 


iÀ Less potential for allergic reactions.?? Since adverse 
reactions can occur with nonionic media, similar preparations 
to those recommended for ionic media should be planned 

to handle severe or potentially fatal reactions. 


Incidence of Adverse Reactions After Intravenous 


Injections Only, in Multicenter Clinical Trials * , 
LJ lohexol (n = 1,683 patients) 


mene | i = he E lonic Monomeric Media + 
ba < i 6 a 
ardlovasCular P 0001 g 3.83% (n = | 358 patients) 


i 0.83% 
Central nervous system+ P= 004 [=a 2.06% 







































a 
Gastrointestinal . 3 
(nausea, vomiting, taste) PEAN ; > 
Skin P<.0001 | E a1, 
(flushing, urticaria, itching, exanthema) | ~ 'Diatrizoate meglumine 52%/sodium 8%; diatrizoate 
| meglumine 66%/sodium 10%; iothalamate meglumine 
Respiratory 60%, ioxithalamate; ioglicinate; iodamide; metrizoate. 
Muscular Adapted from Dahlstrom et al.” 
+ Supplied in ready-to-use vials and bottles. No dilution or 
reconstitution necessary. 
Product Size (mL/unit) 
OMNIPAQUE * 180 (180 mgI/mL) 10 mL, 20 mL vials, Myelo-Kit™ Lumbar, Thoracic, and CT Myelography 
OMNIPAQUE * 240 (240 mgI/mL) 10 mL, 100 mL vials, 200 mL bottle, Lumbar and Thoracic Myelography, 
Myelo-Kit | Peripheral Venography 

OMNIPAQUE * 300 (300 mgI/mL) 10 mL, 30 mL, 50 mL, 100 mL vials Urography, Cerebral Arteriography, 

Peripheral Arteriography, Peripheral 

f | Venography 

OMNIPAQUE ° 350 (350 mgI/mL) | 50 mL, 100 mL vials, 200 mL bottle Angiocardiography, Urography, ü 

Peripheral Arteriography, |.V. Digital 

Subtraction Angiography 

*See following pages for important product information concerning *In general, adverse reactions to the intravascular use of 

contraindications, warnings, adverse reactions, patient selection, OMNIPAQUE have been mild and of short duration. 
and precautionary recommendations. The general incidence of these occurrences following 


total intravascular use is slightly higher, as shown in the 
product information on the last page. 





INJECTION (IOHEXOL) 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 

A SUMMARY FOLLOWS: 

OMNIPAQUE is a nonionic, water-soluble, radiographic contrast medium 
INDICATIONS AND USAGE: OMNIPAQUE is indicated in adults for angiocar- 
diography (ventriculography, selective coronary arteriography), aortography, 
including studies of the aortic root, aortic arch, ascending aorta, abdominal 
aorta, and its branches; cerebral arteriography; digital subtraction angiogra- 
phy; peripheral angiography including arteriography and venography 
(phlebography); excretory urography; and lumbar and thoracic myelography, 
by conventional technique and in computerized tomography. 

Administration of contrast media should be performed by qualified personnel 
familiar with the procedure and an appropriate technique should be utilized 
CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients 
with a known hypersensitivity to iohexol 

Lumbar puncture ordinarily should not be performed in the presence of local 
or systemic infection where bacteremia is likely. 

Intrathecal administration of corticosteroids with OMNIPAQUE is contra- 
indicated 

Because of the possibility of overdosage, immediate repeat myelography in 
the event of technical failure is contraindicated (see DOSAGE AND 
ADMINISTRATION). 

WARNINGS — General: OMN!PAQUE should be used with extreme care in 
patients with severe functional disturbances of the liver and kidneys, severe 
thyrotoxicosis, or myelomatosis. Diabetics with a serum creatinine level above 
3 mg/dL should not be examined unless the possible benefits of the examina- 
tion clearly outweigh the additional risk. OMNIPAQUE is not recommended for 
use in patients with anuria. 

Radiopaque contrast agents are potentially hazardous in patients with multi- 
ple myeloma or other paraproteinemia, particularly in those with therapeutically 
resistant anuria. Although neither the contrast agent nor dehydration has 
separately proven to be the cause of anuria in myeloma, it has been speculated 
that the combination of both may be causative factors. The risk in myelomatous 
patients is not a contraindication; however, special precautions are necessary 
Partial dehydration in the preparation of these patients prior to injection is not 
recommended since this may predispose the patient to precipitation of the 
myeloma protein in the renal tubules. No form of therapy, including dialysis, has 
been successful in reversing the effect. Myeloma, which occurs most commonly 
in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents 

lonic contrast media, when injected intravenously or intraarterially, may 
promote sickling in individuals who are homozygous for sickle cell disease 

Administration of radiopaque materials to patients known or suspected of 
having pheochromocytoma should be performed with extreme caution. If, in the 
opinion of the physician, the possible benefits of such procedures outweigh the 
considered risks, the procedures may be performed; however, the amount of 
radiopaque medium injected should be kept to an absolute minimum. The 
patient's blood pressure should be assessed throughout the procedure and 
measures for the treatment of hypertensive crisis should be readily available 

Reports of thyroid storm following the use of iodinated, ionic radiopaque 
contrast media in patients with hyperthyroidism or with autonomously function- 
ing thyroid nodule suggest that this additional risk be evaluated in such patients 
before use of any contrast medium 

Urography should be performed with caution in patients with severely 
impaired renal function and patients with combined renal and hepatic disease 

Caution is advised in patients with a history of epilepsy, severe cardiovascular 
disease, chronic alcoholism, or multiple sclerosis 

Elderly patients may present a greater risk following myelography. The need 
for the procedure in these patients should be evaluated carefully. Special 
attention must be paid to dose and concentration of the medium, hydration, and 
technique used 

Patients who are receiving anticonvulsants should be maintained on this 
therapy. Should a seizure occur, intravenous diazepam or phenobarbital sodium 
is recommended. In patients with a history of seizure activity who are not on 
anticonvulsant therapy, premedication with barbiturates should be considered 

Prophylactic anticonvulsant treatment with barbiturates should be considered 
in patients with evidence of inadvertent intracranial entry of a large or concen- 
trated bolus of the contrast medium since there may be an increased risk of 
seizure in such cases. 

Drugs which lower the seizure threshold, especially phenothiazine 
derivatives, including those used for their antihistamine properties, should not 
be used with OMNIPAQUE. Others include MAO inhibitors, tricyclic antidepres- 
sants, CNS stimulants, and psychoactive drugs described as analeptics, major 
tranquilizers, or antipsychotic drugs. Such medication should be discontinued 
at least 48 hours before myelography, should not be used for the contro! of 
nausea and vomiting, and should not be resumed for at least 24 hours 
postprocedure 


OMNIPAQUE’ 


OMNIPAQUE® (iohexo!) 


Care is required in patient management to prevent inadvertent intracranial 
entry of a large dose or concentrated bolus of the medium Also, effort should 
be directed to avoid rapid dispersion of the medium causing inadvertent rise to 


intracranial levels (eg, by active patient movement). Direct intracisternal or 


ventricular administration for standard radiography (not CT) is not recom 
mended 
In most reported cases of major motor seizures with other nonionic myelo- 


graphic media, one or more of the following factors were present Therefore 
avoid 
* Deviations from recommended procedure or in myelographic management 
e Use in patients with a history of epilepsy 
e Overdosage. 
e Intracranial entry of a bolus or premature diffusion of a high concentration of 
the medium, 
¢ Medication with neuroleptic drugs or phenothiazine antinauseants 
¢ Failure to maintain elevation of the head during the procedure, on the stretcher 
or in bed 
e Excessive and particularly active patient movement or straining 
If grossly bloody CSF is encountered, the possible benefits of a myelographic 
procedure should be considered in terms of the risk to the patient 


PRECAUTIONS— General: Diagnostic procedures which involve the use of 
radiopaque diagnostic agents should be carried out under the direction of 
personnel with the prerequisite training and with a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available 
for coping with any complication of the procedure, as well as for emergency 
treatment of severe reactions to the contrast agent itself. After parenteral 
administration of a radiopaque agent, competent personne! and emergency 
facilities should be available for at least 30 to 60 minutes since severe delayed 
reactions have occurred (see ADVERSE REACTIONS) 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease, diabetic patients, and In 
susceptible nondiabetic patients (often elderly with preexisting rena! disease) 
Dehydration in these patients seems to be enhanced by the osmotic diuretic 
action of urographic agents. It is believed that overnight fluid restriction prior to 
excretory urography generally does not provide better visualization in normal 
patients. Patients should be well hydrated prior to and following iohexo! 
administration. 

In patients with severe renal insufficiency or failure, compensatory biliary 
excretion of the drug is anticipated to occur, with a slow clearance into the bile 
Patients with hepatorenal! insufficiency should not be examined unless the 
possibility of benefit clearly outweighs the additional risk 

Acute renal failure has been reported in diabetic patients with diabetic 
nephropathy and in susceptible nondiabetic patients (often elderly with pre 
existing renal disease) following excretory urography. Therefore, careful 
consideration of the potential risks should be given before performing this 
radiographic procedure in these patients 

Immediately following surgery, excretory urography should be used with 
Caution in renal transplant recipients 

The possibility of a reaction, including serious, life-threatening, fatal, ana- 
phylactoid, or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS). It is of utmost importance that a course of action be 
carefully planned in advance for immediate treatment of serious reactions, and 
that adequate and appropriate personne! be readily available in case a severe 
reaction should occur 

The possibility of an idiosyncratic reaction in susceptible patients should 
always be considered (see ADVERSE REACTIONS). The susceptible population 
includes patients with a previous reaction to contrast media, patients with a 
known sensitivity to iodine per se, and patients with a known clinical hypersen- 
sitivity: bronchial asthma, hay fever, and food allergies 

The occurrence of severe idiosyncratic reactions has prompted the use of 
several pretesting methods. However, pretesting cannot be relied upon to 
predict severe reactions and may itself be hazardous for the patient. It is 
suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast media, may be more 
accurate than pretesting in predicting potential adverse reactions 

A positive history of allergies or hypersensitivity does not arbitrarily contra- 
indicate the use of a contrast agent where a diagnostic procedure is thought 
essential, but caution should be exercised (see ADVERSE REACTIONS) 
Premedication with antihistamines or corticosteroids to avoid or minimize 
possible allergic reactions in such patients should be considered Recent 
reports indicate that such pretreatment does not prevent serious life-threatening 
reactions, but may reduce both their incidence and severity 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or 
iothalamate-based ionic agents of comparable iodine concentration, the poten- 
tial transitory increase in the circulatory osmotic load in patients with congestive 
heart failure requires caution during injection. These patients should be ob- 
served for several hours following the procedure to detect delayed hemody- 
namic disturbances 

General anesthesia may be indicated in the performance of some procedures 
in selected adult patients; however, a higher incidence of adverse reactions has 
been reported in these patients, and may be attributable to the inability of the 
patient to identify untoward symptoms, or to the hypotensive effect of anesthesia 
which can reduce cardiac output and increase the duration of exposure to the 
contrast agent 

Angiography should be avoided whenever possible in patients with 
homocystinuria, because of the risk of inducing thrombosis and embolism 

In angiographic procedures, the possibility of dislodging plaques or damag- 
ing or perforating the vessel wall should be borne in mind during the catheter 
manipulations and contrast medium injection. Test injections to ensure proper 
catheter placement are recommended $ 

Selective coronary arteriography should be performed only in those patients 
in whom the expected benefits outweigh the potential risk. The inherent risks Ole” 
angiocardiography in patients with chronic pulmonary emphysema mushipe™ 
weighed against the necessity for performing this procedure i 

Administration of contrast media should be performed by qualified personne! 
familiar with the procedure and appropriate patient management. Sterile 
technique must be used with any spinal puncture 

When OMNIPAQUE is to be injected using plastic disposable syringes, the 
contrast medium should be drawn into the syringe and used immediately 

If nondisposable equipment is used, scrupulous care should be taken to 





OMNIPAQUE® (iohexol) 


prevent residual contamination with traces of cleansing agents. 
Parenteral products should be inspected visually for particulate matter and 


discoloration prior to administration. If particulate matter or discoloration is 
present, do not use. 
Repeat Procedures: If, in the clinical judgment of the physician, sequential or 


repeat subarachnoid examinations are required, a Suitable interval of time 

between administrations should be observed to allow for normal clearance of 

the drug from the body. 

Information for Patients: Patients receiving injectable radiopaque diagnostic 

agents should be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, 
pheochromocytoma, homozygous sickle cell disease or known thyroid 
disorder (see WARNINGS). 

3. Inform your physician if you are allergic to any drugs, food, or if you had any 
reactions to previous injections of dyes used for x-ray procedures. 

4. Inform your physician about any other medications you are currently taking, 
including nonprescription drugs, before you are administered this drug. 

Drug/Laboratory Test Interaction: |f iodine containing isotopes are to be 

administered for the diagnosis of thyroid disease, the iodine-binding capacity of 

thyroid tissue may be reduced for up to two weeks after contrast medium 
administration. Thyroid function tests which do not depend on iodine estimation, 
eg, T, resin uptake or direct thyroxin assays, are not affected. 

Drug Interactions: Drugs which lower the seizure threshold—especially phe- 

nothiazine derivatives including those used for their antihistaminic or antinause- 

ant properties—should not be used with OMNIPAQUE. Others include mono- 
amine oxidase (MAO) inhibitors, tricyclic antidepressants, CNS stimulants, 

and psychoactive drugs described as analeptics, major tranquilizers, or anti- 

psychotic drugs. Such medications should be discontinued at least 48 hours 

before myelography, should not be used for the control of nausea or vomiting 
during or after myelography, and should not be resumed for at least 24 hours 
postprocedure. In nonelective procedures in patients on these drugs, consider 
prophylactic use of anticonvulsants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal 

studies have been performed to evaluate the potential of iohexol in these areas. 

Pregnancy Category B: Reproduction studies have been performed in rats and 

rabbits with up to 100 times the recommended human dose. No evidence has 

been established of impaired fertility or harm to the fetus due to OMNIPAQUE: 
there are, however, no studies in pregnant women. Because animal reproduction 
studies are not always predictive of human response, this drug should be used 
during pregnancy only if clearly indicated. 

Nursing Mothers: Caution should be exercised when OMNIPAQUE is admin- 

istered to a nursing woman; it is not known to what extent iohexol is excreted in 

human milk. 

Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: 

Intrathecal: Adverse reactions to the intrathecal use of OMNIPAQUE in general 
have been mild to moderate in degree, and of short duration. The incidence of 
these occurrences, based on clinical trials of 584 patients, is as follows: 

Headaches: The most frequently occurring adverse reaction following myelog- 
raphy with OMNIPAQUE has been headache, with an incidence of less than 
20%. Headache may be caused either as a direct effect of the contrast medium 
or by CSF leakage at the dural puncture site. However, in managing the patient, 
it is considered more important to minimize intracranial entry of contrast 
medium by postural management than to attempt to control possible CSF 
leakage. 

Pain: Mild pain including backache, stiffness, and neuralgia occurred follow- 
ing injection with an incidence of about 8%. 

Nausea and Vomiting: Nausea was reported, with an incidence of about 6%, 
and vomiting of about 3% (based on clinical trials of 584 patients—see PATIENT 
MANAGEMENT). Maintaining normal hydration is very important. The use of 
= phenothiazine antinauseants is contraindicated. Reassuring the patient that the 
nausea will clear is usually all that is required. 

Dizziness: Transient dizziness was reported in about 2% of the patients. 
Other Reactions: Other reactions, occurring with an individual incidence of 
less than 0.1%, included feeling of heaviness, hypotension, hypertonia, sensa- 
tion of heat, sweating, vertigo, and loss of appetite. All were transient and mild, 

with no clinical sequelae. 

General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrence of adverse effects in addition to those discussed above, 
particularly those already reported in the literature for other nonionic, water- 
soluble myelographic contrast media. These have included but are not limited to 
aseptic and bacterial meningitis, and CNS and other neurologic disturbances. 
Intravascular: Adverse reactions to the intravascular use of OMNIPAQUE have 
usually been of mild to moderate severity. However, serious, life-threatening and 
fatal reactions, mostly of cardiovascular origin, have been associated with the 
administration of iodine-containing contrast media, including OMNIPAQUE. The 
injection of contrast media is frequently associated with the sensation of warmth 
and pain, especially in peripheral angiography; pain and warmth are less 
frequent and less severe with OMNIPAQUE than with many ionic media, but 
lower osmolality media are similar in this respect. The incidence of these 
occurrences in Clinical trials is as follows: 

Cardiovascular System: Arrhythmias including PVCs and PACs (3%), an- 
gina/chest pain (2%), and hypotension (1%). Others including cardiac failure, 
asystole, bradycardia, tachycardia, and vasovagal reaction were reported with 
an individual incidence of less than 0.8%. In controlled clinical studies involving 
900 patients, one fatality occurred. In widespread clinical use, the incidence of 
fatality is estimated at 0.0003%. 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic 
taste (0.8%). Others including anxiety, blurred vision, dizziness, fever, motor and 
speech dysfunction, convulsion, light-headedness, paresthesia, somnolence, 
vertigo, stiff neck, hemiparesis, and nystagmus were reported, with an individu- 
al incidence of less than 0.3%. 

Respiratory System: Dyspnea, laryngitis, and throat irritation, with an individu- 
al incidence of 0.1%. 

Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including 
diarrhea, dyspepsia, and dry mouth were reported, with an individual incidence 
of 0.1% 
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Skin and Appendages: Urticaria (0.3%) and purpura (0.1%). 

Individual adverse reactions which occurred to a significantly greater extent 
for a specific procedure are listed under that indication 

General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrence of adverse effects in addition to those discussed above. The 
following reactions have been reported after administration of other intravascular 
iodinated contrast media. Reactions due to technique: hematomas and ecchy- 
moses. Hemodynamic reactions: vein cramp and thrombophlebitis following 
intravenous injection. Cardiovascular reactions: rare cases of cardiac arrhyth- 
mias, reflex tachycardia, chest pain, cyanosis, hypertension, hypotension, 
peripheral vasodilatation, shock, and cardiac arrest. Rena/ reactions: occasion- 
ally, transient proteinuria, and rarely, oliguria or anuria. Allergic reactions: 
Asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing and 
lacrimation and, rarely, anaphylactic reactions. Rare fatalities have occurred, 
due to this or unknown causes. Signs and symptoms related to the respiratory 
system: pulmonary or laryngeal edema, bronchospasm, dyspnea; or to the 
nervous system: restlessness, tremors, convulsions. Other reactions: flushing. 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, 
pallor, weakness, sweating, localized areas of edema, especially facial cramps. 
neutropenia, and dizziness. Rarely, immediate or delayed rigors can occur. 
sometimes accompanied by hyperpyrexia. Infrequently, “iodism" (salivary gland 
swelling) from organic iodinated compounds appears two days after exposure 
and subsides by the sixth day. 

CONSULT PACKAGE INSERT FOR A MORE DETAILED DISCUSSION OF 
ADVERSE REACTIONS to both intrathecal and intravascular use of 
OMNIPAQUE. 

DOSAGE AND ADMINISTRATION: CONSULT FULL PACKAGE INSERT 
BEFORE USE. Details on dose, concentration, and administration are provided 
for each of the indicated procedures. 
HOW SUPPLIED: OMNIPAQUE is available in the following packaging and 
concentrations, requiring no dilutions or reconstitution: 
Vials of 10 mL, 180 mgI/mL, boxes of 10 (NDC 0024-1411-10) 
Vials of 20 mL, 180 mgI/mL, boxes of 10 NDC 0024-1411-20) 
Vials of 10 mL, 240 mgI/mL, boxes of 10 (NDC 0024-1412-10) 
Vials of 100 mL, 240 mgI/mL, boxes of 5 (NDC 0024-1412-15) 
Bottles of 200 mL, 240 mgI/mL, boxes of 5 (NDC 0024-1412-25) 
Vials of 10 mL, 300 mgI/mL, boxes of 10 (NDC 0024-1413-10) 
Vials of 30 mL, 300 mgI/mL, boxes of 10 (NDC 0024-1413-30 
Vials of 50 mL, 300 mgI/mL, boxes of 10 (NDC 0024.1413.80 
Vials of 100 mL, 300 mgI/mL, boxes of 5 (NDC 5024141450) 
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Vials of 50 mL, 350 mgI/mL, boxes of 10 (NDC 0024-1414-50 

Vials of 100 mL, 350 mgI/mL, boxes of 5 (NDC 0024-1414-15 

Bottles of 200 mL, 350 mgI/mL, boxes of 5 (NDC 0024-1414-25) 
MYELO-KIT™ containing: One vial of 10 mL, 180 mgI/mL, and one sterile 
myelogram tray, boxes of 5 (NDC 0024-1411-05) 

MYELO-KIT™ containing: One vial of 20 mL, 180 mgI/mL, and one sterile 
myelogram tray, boxes of 5 (NDC 0024-1411-51) 

MYELO-KIT™ containing: One vial of 10 mL, 240 mgI/mL, and one sterile 
myelogram tray, boxes of 5 (NDC 0024-1412-05) 
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The NEW 
Ackrad H/S Catheter Set for 
Hysterosalpingography 


Now: Easier on the Patient... 
Better for the Physician 


The unique small sizes (5 and 7F) of the flexible balloon- 
bearing catheter provide previously unavailable free- 
dom from trauma for the patient. A placement sheath 
and inflation syringe are included in the set for a rapid 
and efficient procedure. 


Sample furnished on request. 


E ACKRAD LABORATORIES, Inc. 
70 Jackson Drive, P.O. Box 1085, Cranford, NJ 07016 


(201) 276-6390 











FINALLY, 
WE'RE GIVING A 
KILLER DISEASE 
SOME OF ITS 
OWN MEDICINE. 

















A disease that once put an end to 
its victims, may soon be put to an 
end itself. 

The disease, carnitine defi- 
ciency, destroys the body’s ability 
to produce carnitine, a muscle-fuel- 
ing substance. Until recently, car- 
nitine deficiency meant certain 
disability. Often, it meant death. 

In the past year, though, car- 
nitine replacement therapy—devel- 
oped with funding from the 
Muscular Dystrophy Association— 
has allowed fully half the patients 
treated to resume normal lives. 

Carnitine replacement ther- 
apy is one of the most encouraging 
developments in MDA's fight 
against 40 neuromuscular diseases. 
And for one of those dread diseases, 
it could be the beginning of the end. 


Muscular Dystrophy Association 
Jerry Lewis, National Chairman 


| isn't enough in 
| today’s market. 





People 

Serving 

People. 

Part of an International 
Fortune 500 Company with 
over $1 billion in sales, 
Konica Medical Corporation, 
has an important resource 
no other company can claim. 
Our people. Konica people. 
We've earned our reputation 
worldwide as quality imaging 
professionals. And serving 
you is what we do best, with 
a higher ratio of technical 
Service and support person- 
nel to customers than any- 
one else in the industry. We 
realize that having the best 
value in medical imaging 
products alone 


You also need 

the best value in 

Service and support. That's 
why we're dedicated to 
Supporting you in all phases 
of medical imaging. Promptly. 
Professionally. Comprehen- 
sively. We're Konica. We 
work harder for you. 





Konica... 
The Image of 
Perfection, 
Since 1873. 





Konica Medical Corporation 
411 Newark Pompton Turnpike, Wayne, NJ 07470 (201) 633-1500 
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Minimize X-ray exposure. Optimize image quality. Stabilize film 
processor performance, film speed and contrast. Quickly. Easily. 
e 
The Tobias Model RF The Tobias 
Wejex Sensitometer Model TBX Digital 
@ Densitometer 
Produces a precise 11-step wedge exposure , AE 
on your X-ray film. Exposure made just Measures optical transmission 
before processing eliminates latent image density of the Wejex-exposed step 
fade problem.* Features: Precise shutter wedge over a density range of 0 
exposure control. Variable lamp intensity. to 4.50. Accuracy + 0.02. 
Provisions for 2” 2” ANSI blue, green or Repeatability + 0.01. State-of-the- 
other filters, double sided exposures, 8”x 10” art electronics. Lighted digital — 
and 35mm test film alignment. And more. display. 5 second warm up. Easily 
portable. Virtually no zero drift. 
“Lawrence, D.J.: A Simple Method of Processor Control, 
Med. Rad. and Photog. 49, 246, 28, 1973 (Reprints available 
on request) 
ee ee ee ee ee ee ee ee ee ee 
| Wejex Universal re $ 
Peona A i TOBIAS ASSOCIATES, INC. į 
eo ‘ 50 Industrial Drive, P.O. Box 2699, Ivyland, PA 18974, (215) 322-1500 j 
g C Send literature on the Wejex Sensito- Name i 
meter and TBX Densitometer. Title/Organization 
į [L] Please send me a copy of D.J. ; 
Lawrence’s “A Simple Method of 
3 Processor Control.” fornia = 3 
| Tell me more about your 30 day free City State - 
For a demonstration, call your Tobias dealer. j trial policy. Zip Tel. f 
Or write for our brochure. Ask about our 30 day free trial. 
MED UNN SEG GS Gs se es es ee 
for prompt 
SU bs C72 p tion attach label here 2 
SETVE... 
Please use this coupon and attach a recent label in the 
space provided when writing to us about: 
e change of address 
è renewal 
@ questions regarding your subscription 
Please use the space below to indicate your new address. 
Name of Journal 
Name 
Address 
City/State/Zip P 






THE WILLIAMS & WILKINS COMPANY 
428 East Preston Street/Baltimore, Maryland 21202 












Protect your copies of 


AJNR: AMERICAN 
JOURNAL OF 
NEURORADIOLOGY 


with Jesse Jones Binders or Files 


Keep your journals clean, orderly, and readily acces- 
sible with Jesse Jones Binders or Files. One Binder or 
one box style File is all you need to accommodate a 
full year’s worth of issues. Both Binders and Files are 
handsomely made with rich dark blue leatherette 
covers and gold leaf embossed lettering. 


Jesse Jones Binders open flat for easy reading and 
reference and are economically priced at only $9.95 
each; 3 for $27.95, or 6 for $52.95 postpaid. The rugged, 
compact box Files are only $7.95 each; 3 for $21.95, or 6 
for $39.95. Add $1.00/unit postage and handling. 
(Outside the U.S. add $2.50/unit.) 


For charge orders call toll free 1-800-972-5858. ($15.00 
minimum). 


Free gold transfer slips included for indexing volume 
and year. 


Please allow four to five weeks for delivery. 


TO: Jesse Jones Industries 
499 E. Erie Avenue, DEPT. AJNR 
Philadelphia, PA 19134 


I enclose my check or money order for $ 
(PA residents add 6% sales tax) 


O Files O Binders for my journals 





Send me 





Name 








Address (will not ship to P.O. Box) 








City/State/Zip 


Satisfaction guaranteed. 





Nationwide 
Service and 
Support by 
Dedicated 
Professionals 


Our imaging specialists and 
technical representatives 
are dedicated professionals. 
They stand behind every box 
of film. Through Radiology 
Support Programs and 
National Accounts Programs 
for Materials Management, 
they give you the right sup- 
port for your specific imag- 
ing needs. And they'll keep 
you abreast of the latest 
developments and break- 
throughs in medical imaging 
...aS well as administer our 
E.C.E. Approved 
Educational Pro- 

grams, which 

provide excellent 

training for your 

Staff personnel, radiology 
managers and technologists. 
From cost control and tech- 
nique guidance to on-site 
computer generated reports 
for your information needs, 
helping you get the most out 
of your radiology depart- 
ments is what we re all 
about. We're Konica. We 
work harder for you. 
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Konica Medical Corporation 
411 Newark Pompton Turnpike, Wayne, NJ 07470 (201) 633-1500 








USGI is Now 
Bard Interventional 
Products. 


USCI, Products for Radiology, is now Bard Interventional Products. 
Anew group with a strengthened commitment: innovative technologies : 
for the interventional radiologist. 7 








Many of the familiar and fundamental tools of interventional radiology 
were developed by USCI. New applications for these tools are being 
defined in the clinical arena, making interventional radiology one of the 
most dynamic, and demanding, fields in medicine. 


With Bard Interventional Products we are expanding our ability to work 
with you toward the development of new technologies based on our 
rigorous standards and applications-oriented know-how. 


[BARD 


Interventional , 
Products 


The Bard Response to the Changes You’ve Made. 


C.R. Bard Inc. 5 Federal Street P.O. Box 5069 Billerica, MA 01822 
(617) 663-2244 + (800) 824-8724 
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A Body MRI Radiologist with 2 or more years experience 
beyond fellowship being sought for St. Luke’s\Roosevelt 
Hospital Center, a 1,315 bed voluntary facility university 
hospital of Columbia University College of Physicians and 
Surgeons. Strong interest in teaching and research as well 
as in patient care required. 











Qualifications should meet requirements for Assistant or 
Associate Professor rank. Excelient remuneration. Please 
send inquiries with CV to: 









Ronald C. Ablow, MD 
Department of Radiology 


SE LUKES ROOSEVELT 


Hospital enter 











114th at Amsterdam Avenue 
New York, NY 10025 


Equal Opportunity Employer M/F 











Technology & 
Products for 
State-Of-The-Art 
Imaging. 
Since 1873, we've been a 
leader in advanced imaging 
research and technology. 
Today, we continue to meet 
your medical imaging needs 
by combining state-of-the- 
art computerized manufac- 
turing with a strong com- 
mitment to research and 
development, and stringent 
quality control to create new, 
advanced medical imaging 
products. You can rely on 
us to provide sophisticated 
technologies in electronic 
imaging, automatic film 
processing, 
digital radiog- 
raphy systems, 
and the latest 
breakthrough 
in imaging film, New High 
Ortho Mono-Dispersed Grain 
Technology. At Konica we 
never stop working on new 
| ideas for better imaging 














This publication 
is available in 
microform. 
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F University Microfilms 
International reproduces this 
publication in microform: 
microfiche and 16mm or 
35mm film. For information 
about this publication or any 
of the more than 13,000 titles 
we offer, complete and mail the coupon to: University 
Microfilms International, 300 N. Zeeb Road, Ann Arbor, 
MI 48106. Call us toll-free for an immediate response: 
800-521-3044. Or call collect in Michigan, Alaska and 
Hawaii: 313-761-4700. 


O Please send information about these titles: 








































Name 


Company/Institution 





Address 








City 





State 
Phone | ) 


Zip 








University 
Microfilms 
International 








products. And we never will. 
We're Konica. We work 
harder for you. 








Konica... 
The Image of 
_ Perfection, 
| Since 1873. 





| 
| Konica Medical Corporation 
| 411 Newark Pompton Turnpike, Wayne, NJ 07470 (201) 633-1500 





+ 
jn 


ory Per mg a ai 


et ate 





The Human Figure in Motion. “Man Performing Running Broad Jump,” from Eadweard Muybridge’s high-speed 
photographic sequence studies of the human figure in motion, first published in 1887. 


The Human Heart in Motion. Top: Transaxial images from cardiac MR movie obtained through beating heart of adult human in single 16-sec. breath ho 
Each instant image acquired in 1/25 second. Bottom: Single breath-hold cardiac MR movies. Three 6mm slices at sequential levels. 





The Human Body Motion-Free. Motion artifact-free imaging of the body allows interactive definition of plane location and scan parameters. 
Each 6mm slice obtained in 1/25 second. Top row: Water distribution. Bottom row: Fat distribution. 
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About lime. 


Instant MR Images in 1/25 Second 
Complete Cardiac Movies in One Breath Hold 


Advanced NMR Systems’ of motion artifact to history. 





TM 


Instant Scan™ imaging mode produces And makes long image times a thing of 
motion artifact-free images in 1/25 second. the past. Patient throughput is optimized, 
An MR movie sequence may be obtained making routine clinical use more cost-effective. 
within one breath hold. If you are a clinical investigator, 
This high speed technology significantly it’s about time you looked into Advanced 
widens the diagnostic window NMR Systems. If you are interested 
in non-invasive cardiac studies in a private screening of some of our 
and thoracic and abdominal imaging. short “takes,” call us at (617) 938-6046 
It relegates the problem for further information. 





|, Àa Advanced NMR 
1i" Systems, Inc. 


30 Sonar Drive, Woburn, Massachusetts 01801 (617) 938-6046 


Advanced NMR Systems, Inc.'s Magnetic Resonance Imaging unit is classified as 
an investigational device available for research applications only. 


Magnetic Resonance Imaging. We're putting it in motion. 
Catch our MR Movie Premiere at RSNA, Booth #5416. 








You learn from your experience with 











CONTEMPORARY DIAGNOSTIC RADIOLOGY 








Editor: Robert E. Campbell, M.D. 








A Biweekly Review of Clinical Radiologic Practice—26 issues a year! 














One of your toughest jobs is keeping up with the 
many new developments that affect radiology. 
That's why you want Contemporary Diagnostic 
Radiology...an effective and 
convenient way to perfect your 
skills and maintain your profes- 
sional status. 


Contemporary Diagnostic Radi- 
ology is designed as a continuing 
education program that lets you 
work at your own pace. Every two 
weeks you'll receive an issue that 
covers a single topic or procedure 
in detail. Read the information and 
study the clearly reproduced radi- 
ographs—and then, if you choose, 
respond to a comprehensive 
examination in the strictest confi- 
dence. You set the pace. 

Each biweekly lesson brings you 
pertinent review of the basics in 
bone radiology... gastrointestinal 
radiology ... pediatric radiology... 
genitourinary radiology... MR 
imaging...and all of the topics 
you want to know more about. 





Contemporary Diagnostic Radiology works two 
ways. You may choose to subscribe to the non- 
scoring version, receiving every issue as an impor- 
tant element of your professional 
reading. The scoring version, how- 
ever, supplements your reading 
and computer-coded examina- 
tions with confidential result 
responses, making you eligible for 
Continuing Medical Education 
credits co-sponsored by the Uni- 
versity of Pennsylvania School 

of Medicine. 


“As an organization for continu- 
ing medical education, the Uni- 
versity of Pennsylvania School of 
Medicine designates this contin- 
uing medical education activity 
as meeting the criteria for 1 
credit hour per bi-weekly issue in 
Category I for Educational 
Materials for the Physician's 
Recognition Award of the Ameri- 
can Medical Association pro- 
vided it has been completed 
according to instructions.” 


You can begin this ongoing program today. Contemporary Diagnostic Radiology 
is a year-round program, so you can join at any time. To begin your lessons, just fill 
out the enclosed card and return it to us. Or call FREE 1-800-638-6423 (except from 
Alaska). In Maryland call COLLECT 528-4105. You'll find that Contemporary Diag- 
nostic Radiology is the most efficient and inexpensive way to keep up with your 


dynamic field. 


Williams & Wilkins 


P.O. Box 23291 
Baltimore, Maryland 21203 
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266 Fulham Road 
London SW10 9EL England 


CONTEMPORARY DIAGNOSTIC RADIOLOGY 


LJ Yes! | want to keep pace in my field! Begin my 
26-issue subscription: 

O Send me the scoring version ($220) 

O Send me the non-scoring version ($180) 

O Send me the resident non-scoring version ($160) 
(add $35 for optional air mail delivery outside the U.S.) 

O new subscription 

O renewal 





name 





address 
city/state/zip 


payment options 
O payment enclosed 
O American Express 


O billme 


O MasterCard O VISA 


printed in USA 


card # expiration date 


signature/P.O. # 


Maryland residents add 5% sales tax. Subscriptions outside the U.S. 
must be prepaid in U.S. dollars only. Rates subject to change with- 
out notice. Please allow 8 weeks for delivery of your first issue, up to 
16 weeks for surface delivery outside the U.S. Optional airmail rates: 
add $35 per subscription. 


Residents are eligible for the special in-training rate for up to three 
years. When requesting this rate, please include training status and 
institution. 


FPS Don't forget: you can order with a FREE phone 
call at 1-800-638-6423 (except from Alaska). In 
Maryland, call collect 528-4105. 


Williams & Wilkins 
P.O. Box 23291 
Baltimore, Maryland 21203 


266 Fulham Road 
London SW10 9EL England 
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New projects in advanced development at Philips have brought the 
future of diagnostic imaging near enough to touch. Today, the Philips Com- 
puterized Radiography system produces radiographs of unequalled quality, 
requiring substantially fewer retakes and no change in conventional radio- 
graphic procedure. Tomorrow, this same system will be one major component 
of a digital image acquisition, storage and communications network that links 
physicians and radiology departments electronically. The day of high-speed 
access to a variety of patient images and information at remote locations is 
now at hand. Philips Medical Systems, Inc. Shelton, Connecticut 06434. 
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MR Imaging of the Liver 





Recent technical and clinical advances in MR of the liver are reviewed with special 
reference to the role of MR as a primary screening technique for detection of space- 
occupying lesions, especially metastases. The major current problem in upper abdominal 
MR imaging is physiologic motions, and this appears to have been effectively solved by 
newly introduced pulse-sequence and timing-parameter strategies. Short-TR/TE spin- 
echo sequences with extensive signal averaging and heavy T1-weighting produce 
images with exceptional anatomic detail and liver-cancer contrast differences. With this 
sequence superior sensitivity for liver-cancer detection has been shown in quantitative 
signal-difference to noise comparisons with other pulse sequences and in clinical 
comparisons with CT. MR discovered 14% more individual metastases and 3% more 
patients with liver cancer than CT in a blinded comparative study of 142 patients 
undergoing both exams. MR also showed greater specificity (98%) than CT (91%) in 
distinguishing patients without liver metastases. Differentiation of hemangioma from 
metastases was possible with greater than 90% specificity by using heavily T2-weighted 
sequences. Use of a fast-scan, gradient-recalled echo technique can also produce 
good-quality, multislice, T1-weighted studies of the liver in 20 sec—a breath-hold. MR 
contrast agents (such as gadolinium-DTPA and reticuloendothelial-system-specific, 
superparamagnetic ferrite-iron-oxide particles) offer further promise for enhanced sen- 
sitivity for liver-cancer detection. When optimal pulse sequences are employed, MR can 
now be appropriate as a primary screening method for detecting liver neoplasms. 


Despite several years of clinical experience with MR imaging, very few meaningful 
clinical applications for liver and upper abdominal disorders have appeared. The 
two factors limiting wide use of MR in the upper abdomen are (1) image artifacts 
due to various biological motions and (2) the lack of a suitable bowel contrast 
agent. Because of this delay and the critical importance of liver imaging to the 
general use of MR in the abdomen, considerable research is now focused on these 
two problems. Our efforts at Massachusetts General Hospital over the last 2-3 
years have been directed mainly toward an in-depth study of MR in liver cancer. 
This review summarizes recent technical and clinical developments from the 
literature, as well as our laboratory and patient experience. 

According to American Cancer Society statistics [1], nearly two million individuals 
annually are at risk of having liver metastases. Furthermore, with the introduction 
of aggressive extirpative surgical procedures, many patients now undergo exten- 
sive multisegmental hepatic resections in an attempt to cure demonstrated liver 
metastases, especially from colon primaries [2, 3]. Thus, in addition to merely 
detecting the existence of liver metastases in an all-or-none fashion, the more 
precise question of defining the extent of disease (i.e., the number and location of 
metastatic foci) becomes germane. 

Currently, CT is the accepted gold standard for liver imaging, primarily because 
of its ability to show liver metastases with greater sensitivity and specificity than 
either sonography or radionuclide scanning [4]. Despite the apparent utility of MR 
in selected hepatic disorders such as hemochromatosis, portal hypertension, or 
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the Budd-Chiari syndrome, the practical question is whether 
MR can be effective as a primary screening technique for 
liver-cancer detection, especially metastasis. 

The liver is indeed a fertile field for radiologic investigation 
because of its homogeneous parenchymal texture, dual blood 
supply, and varied physiologic and biochemical functions. A 
reflection of this complexity is the long and tortuous evolution 
that CT liver imaging has undergone with regard to the optimal 
use of iodinated contrast material. MR image formation is an 
order of magnitude more complicated than CT by virtue of 
the number of intrinsic and extrinsic factors independently 
influencing image contrast. These include native tissue char- 
acteristics such as proton spin density, T1 and T2 relaxation 
times, chemical shift, flow, diffusion, and magnetic suscepti- 
bility. Among the extrinsic factors are operator-selected in- 
strument-pulse sequences, timing parameters, and paramag- 
netic MR contrast agents. 

Despite its recognized potential, until recently published 
reports on the use of MR for detection of liver lesions have 
been infrequent and generally pessimistic [5, 6]. However, 
Our Current Conviction is that with appropriate techniques, 
MR already possesses sufficient sensitivity and specificity (at 
least in our institution) to displace CT as the primary screening 
method for liver disease. 


Strategies for Motion Reduction 


The principal technical limitation on current acceptance of 
MR for imaging the liver and upper abdomen is image artifacts 
produced by physiologic movements, especially respiratory 
motions, cardiac and aortic pulsations, and intestinal peristal- 
sis. The need for satisfactory solutions to these problems has 
been even further heightened by the unexpected and as yet 
unexplained tendency of high-field-strength systems to aggra- 
vate motion artifacts. Principal approaches to motion reduc- 
tion have included (1) respiratory gating or respiratory soft- 
ware compensation; (2) fast imaging sequences; and (3) signal 
averaging. 

Respirations cause two types of artifacts: (1) ghosting, 
usually ascribed to high signal from moving subcutaneous fat, 
which propagates periodically along the phase-encoding axis, 
and (2) imaging blurring. Direct respiratory gating has been 
generally abandoned as disappointing and impractical. Unlike 
cardiac gating, which is simplified by the availability of an 
electronic trigger (the ECG R wave), respiratory gating is 
much more difficult to implement because of the requirement 
for a mechanical hardware-linkage to convert chest-wall mo- 
tion into an electrical signal. Furthermore, respiratory motion 
is neither periodic nor constant in amplitude, and thus only 
imperfect synchronization for data acquisition is possible. This 
is usually achieved only by rejecting data from unwanted 
portions of the respiratory cycle (i.e., data collection occurs 
only at end-expiration). Although this reduces motion artifacts, 
a significant time penalty is incurred in direct proportion to 
the fractional time of the respiratory cycle excluded [7, 8]. 
Not only does this result in an unacceptable 200% increase 
in imaging time, but also it fails to reduce other motion artifacts 
arising from cardiovascular pulsations and bowel peristalsis. 
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Respiratory-compensation software programs that seek to 
reduce the time penalty are being developed by several 
manufacturers. Bailes et al. (9], working with Picker Interna- 
tional in England, described a method for data collection that 
uses preliminary monitoring of the breathing cycle to select 
the proper phase-encoding direction. The technique is termed 
respiratory-ordered phase encoding (ROPE), and a new ver- 
sion with multislice and multiaveraging (called COPE) is also 
under development. General Electric employs a similar soft- 
ware package (Exorcist). However, we believe the clinical role 
of these complex software compensation techniques is likely 
to be overshadowed by the rapidly accelerating evolution of 
fast scanning techniques. 

The fast-scan approach involves extremely rapid data- 
acquisition sequences, often within a single breath-hold. A 
variety of different strategies are being examined by different 
manufacturers, including partial-saturation, gradient-recalled 
echo or FLASH (fast low-angle shot); echo-planar; driven- 
equilibrium, and half-Fourier scanning techniques. 

The principles of partial-saturation fast imaging were re- 
cently described by Bydder and Young [10]. Haase et al. [11] 
have also recently detailed their FLASH technique. Partial- 
Saturation, gradient-echo techniques differ from spin-echo 
sequences in the lack of a 180° refocusing pulse, tip angles 
less than 90°, and short repetition times (TR = 100-200 
msec) and echo-delay times (TE = 8-30 msec). As a result, 
11 slices (each 0.9 cm thick) can be obtained within 20 sec 
(i.e., within a single breath-hold). A complete multislice, T1- 
weighted survey of the liver, for example, can be obtained 
with images ready for viewing in 3-4 min. Although resultant 
images display somewhat less signal-to-noise ratio (SNR) 
than conventional spin-echo acquisitions and are more sen- 
sitive to vascular-flow artifacts, adequate T1-weighted images 
can usually be obtained. T2 images are presently of only 
marginal diagnostic quality. With total examination times po- 
tentially reduced fivefold compared with conventional studies, 
throughput advantages are obvious. As initially reported by 
Edelman et al. [12], we have now examined more than 90 
patients with a variety of abdominal and liver disorders using 
the suspended-respiration, gradient-echo breath-hold tech- 
nique. We consider that lesion conspicuity and anatomic detail 
are frequently of diagnostic quality even at this early stage. 
Undoubtedly, further improvements will ensue. Illustrative ex- 
amples are shown in Figures 1 and 2. 

The third major technique for reducing motion artifacts is 
signal averaging. Motion artifacts in MR images are not 
random; they occur when phase-encoding errors cause spa- 
tial misregistration of signal acquired from moving structures. 
Because of the periodicity of these effects, they are influenced 
by the ratio between pulse-sequence repetition time and 
respiratory cycle (i.e., they are coherent artifacts and can be 
reduced by averaging multiple data sets). Work in our de- 
partment with a Technicare 0.6-T (Teslacon) system has 
permitted adaptation of short pulse-sequence timing param- 
eters to allow averaging of a large number of data acquisitions 
without the need for gating or prolongation of imaging time. 
Stark et al. [13] have shown that use of multiple signal 
averages produces dramatic reductions in image noise and 
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Fig. 1.—Gradient-recalled echo (partial-satu- JF 
ration) technique. Normal liver. T1-weighted se- 
quence. Number of slices = 4 (contiguous), slice 
thickness = 1.2 cm, number of phase-encoding 
steps (Y lines) = 96, TR = 200 msec, TE = 11 
msec, number of excitations = 1, total acquisi- 
tion time = 20 sec. Images are slightly noisy, but 
there is adequate anatomic resolution of major 
intrahepatic vessels, diaphragmatic crura, and 
surface contours of liver, spleen, and kidney. 


Fig. 2.—Gradient-recalled echo (partial-satu- 
ration) sequence of angiographically proven he- 
patic hemangioma. 

A, T1-weighted image. Number of slices = 11, 
slice thickness = 1.2 cm, TR = 200 msec, TE = 
11 msec, number of excitations = 1, acquisition 
time = 20 sec. Note well-seen typical long-T1 
hemangioma. Some “corduroy” motion artifact 
is seen in right hepatic lobe and aortic ghosting 
in left hepatic lobe. 

B, T2-weighted image. Number of slices = 4, 
slice thickness = 1.5 cm, TR = 200 msec, TE = 
30 msec, acquisition time = 20 sec. Note noise- 
degraded T2-weighted image. T2 contrast on 
gradient-recalled echo sequences is compli- 
cated combination of phase contrast and T2* 
differences. Nevertheless, the lesion is clearly 
visible. 


motion artifacts of all types, including cardiovascular pulsa- 
tions. The result is strikingly improved anatomic resolution for 
imaging of the liver and upper abdomen (Fig. 3). Further 
explanation of the physical and theoretical principles of this 
technique and its application in clinical liver imaging with 
existing systems is a major focus of this review. 


Short TR/TE, T1-Weighted, Spin-Echo Imaging 


Extensive signal averaging to reduce biological motion ar- 
tifacts requires availability of recently improved gradient and 
pulse-sequence software to expand the range of available 
timing parameters (TR, TE, and Tl). The ability to reduce TR 
to 250-300 msec and TE to 14-20 msec creates synergistic 
effects that are beneficial to upper abdominal and liver imag- 
ing. First, the relationship between total-acquisition (scan) 
time, phase-encoding steps (Y lines), number of excitations 
(NEX), and TR is represented by the following equation [14]: 
Scan time = (Y lines) X (NEX) x (TR). 
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Shortening the TR allows more acquisitions to be obtained 
within a given imaging time. It is this additional data averaging 
that compensates for motion artifacts. Second, reduction in 
TE complements short TR by reducing signal loss due to 
dephasing of protons and thus preserving high SNR and 
anatomic resolution. Third, short TE reduces the contribution 
of T2-weighted contrast information, thereby preserving the 
overall T1-weighting. This is particularly noteworthy when 
compared with SE sequences formerly described as T1- 
weighted (i.e., SE 500/30). Fourth, shortened TE allows mul- 
tislice capability according to the expression [15]: Number of 
sections = TR/(TE + constant). For example, 12 slices = 260 
msec/(15 msec + 6 msec). The 6-msec “constant” is a pulse- 
sequence timing parameter related to gradient performance. 
This timing parameter varies widely among different imaging 
systems and may vary between pulse sequences on an 
individual system. This formula has considerable practical 
importance. More slices can be obtained with larger TR values 
or decreased TE values. For example, the entire liver span (a 
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15-18 cm cranial-to-caudad distance) can be covered with a 
multislice technique that uses 1.5-cm slices. 

This short-TR/TE, heavily T1-weighted, spin-echo tech- 
nique (TR = 260-300 msec, TE = 14-20 msec), averaging 
10-18 data acquisitions for a scan time of 10 min, has become 
our routine T1 sequence for screening for focal liver lesions. 
Indeed, inversion recovery sequences, the classic T1- 
weighted sequences, have essentially been abandoned in our 
department because of the well-known prolonged duration of 
scan time that is needed to complete the required number of 
slices. 

Reduction in TE to less than 20 msec is the critical instru- 
ment parameter in this technique but to date has been avail- 
able in only a few installed Technicare 0.6-T systems. The 
likelihood of similar software refinements for existing systems 
is presently unknown. 


Image Contrast for Liver-Cancer Detection 


Most solid tumors possess increased intracellular water 
and therefore show prolongation of T1 relaxation (spin-lattice) 
giving lesion blackening on T1-weighted images and prolon- 
gation of T2 relaxation (spin-spin) giving lesion brightening on 
T2-weighted images [16-18]. The prolonged relaxation times 
of neoplastic tissue set against the intrinsically short T1 and 
T2 values of normal liver parenchyma create good potential 
for striking tissue contrast on heavily T1-weighted images. 
Indeed, Moss et al. [19] showed a 40% prolongation in tumor 
T1 over normal liver but only a 26% prolongation of tumor T2 
relaxation times. These data suggest the likelihood for greater 
exploitation of tissue-pair contrast differences by relying on 
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Fig. 3.—Short TR/TE (TR = 300 msec, TE = 
14 msec), heavily T1-weighted spin-echo im- 
ages. Normal liver. Same patient as in Fig. 1, 
four contiguous sections. TR = 300 msec, TE = 
14 msec, number of excitations = 10, No. of 
slices = 13, acquisition time = 10.5 min. Signal 
averaging produces striking anatomic detail. No 
respiratory gating. 


T1-weighted information. The ability of short-TR/TE, spin- 
echo, T1-weighted imaging to benefit from this inherent tu- 
mor-liver contrast is illustrated in Figure 4. 

Theoretical predictions from pulse-sequence performance 
considerations also suggest better contrast-to-noise ratios 
and therefore better cancer-liver discrimination from short- 
TR/TE spin-echo techniques [20, 21]. This advantage is 
confirmed by our clinical experience as well. For example, in 
a quantitative Comparison of cancer-liver contrast-to-noise 
differences that we performed in 43 patients with liver metas- 
tases, Stark et al. [13] found short-TR/TE sequences (TR = 
260 msec, TE = 18 msec) superior to 13 other standard and 
special pulse sequences (Table 1). 

Many published reports on MR for liver tumors have been 
limited by system-selectable parameters restricted to the SE 
500/30 pulse sequence for T1 information [19, 22-24]. This 
sequence in fact gives an offsetting balance of T1 and T2 
contrast effects that often result in low ratios of image signal- 
difference to noise and poor lesion conspicuity (Fig. 5). In 
other reports on liver-cancer detection, T1 contrast was avail- 
able mainly via inversion recovery, which inconveniently in- 
creased scan time and image noise [25]. As a result, most 
early published series emphasized the value of T2-weighted 
sequences for detection of liver metastases because of the 
high (bright tumor signal) contrast achieved [19, 22-24]. For 
clinical purposes we, nevertheless, advocate use of both T1- 
and T2-weighted sequences for liver imaging, because T2- 
weighted information provides confirmation of lesion detection 
and is particularly useful for tissue characterization and dif- 
ferential diagnosis of space-occupying lesions (discussed in 
a later section). 
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MR Detection of Liver Metastases: Comparison with CT 


At present CT remains the accepted standard method for 
detection and staging of liver cancer, because recent careful 
series comparing MR with CT have shown no significant 
advantage to use of MR [24, 25]. Heiken et al. found no 
benefit of MR over CT in a study of 50 patients with hepatic 
metastases in which inversion recovery was used for T1 
information and spin-echo sequences were used for T2 infor- 
mation. Therefore, CT was preferred as the screening test 
for hepatic metastases by virtue of its lower cost, better 
spatial resolution, and shorter imaging time. Glazer et al. [24] 
also found CT superior to MR in 27 patients with focal lesions, 
although their T1-weighted data were limited to an SE 500/ 
30 sequence. Small lesions (<2 cm) were also much better 
shown with CT in this series. Demas et al. [22], however, 
gave an early indication of the sensitivity of MR by describing 
a group of eight patients in whom MR disclosed liver metas- 
tases when CT scans were negative. In two patients CT 
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Fig. 4.—Origin of liver-tumor contrast enhancement obtained with short- 
TR/TE, heavily T1-weighted, spin-echo sequences. Inherently short T1 and 
T2 relaxation times of normal liver parenchyma compared with prolonged 
T1 and T2 values in malignant tumors is readily exploited by shortening 
both TR and TE. 

Left, Short TR maximizes T1 contrast differences because shorter T1 
time of normal liver allows quicker recovery of magnetization (i.e., signal 
intensity). Longer T1 of tumors does not allow recovery of signal intensity 
as promptly, resulting in darker signal from tumor. Much greater net tumor- 
liver contrast difference occurs at short TR than at long TR. 

Right, At very short TE values, differential signal loss between tumor 
and liver is minimal compared with the signal loss differences (i.e., tumor- 
liver contrast difference at long TEs). Thus, overall contribution of T2 
contrast is minimized with short TEs, and overall image information is 
therefore heavily T1-weighted. 


Fig. 5.—Advantage of heavily T1-weighted, 
short-TR/TE, spin-echo sequence (A) (TR = 260 
msec, TE = 18 msec) compared with conven- 
tional, T1-weighted, spin-echo sequence (B) (TR 
= 500 msec, TE = 30 msec). Note sharper defi- 
nition of hepatic vessels and large metastatic 
lesion in ventral portion of left hepatic lobe. 
Smaller lesion in posterior portion of right hepatic 
lobe (arrow) is seen only on short-TR/TE se- 
quence. 
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scans were of poor technical quality because of streak arti- 
facts, and in the remaining six patients, CT scan quality was 
deemed acceptable. 

The possibility that CT could be fallible in detecting liver 
metastases was recently highlighted in a meticulous study by 
Freeny et al. [26]. Despite use of state-of-the-art dynamic 
bolus-enhanced CT of the liver in staging colorectal carci- 
noma, 27% of liver metastases confirmed at surgery went 
undiscovered by CT. This surprisingly high false-negative CT 
result was considered more representative of the truth than 
earlier series (reporting 90-95% accuracy) in which “negative” 
CT scans were not accurately assessed by immediate ex- 
ploratory surgery to determine the true miss rate. 

On the basis of clinical results in more than 500 patients 
studied during the past 18 months, we find a clear advantage 
to heavily T1-weighted, short-TR/TE, spin-echo sequences in 
detection of liver metastases. More particularly, we performed 
a blinded retrospective comparison of CT and MR in 142 


TABLE 1: Quantitative Pulse-Sequence Performance in Hepatic 
Metastases: Cancer-Liver Contrast-to-Noise Ratio 











Rank Order 
No. of C/N 
Puise Saguen Patients Magnitude p ace 

erformance 

SE 1500/30 Fi 1.9 14 

SE 1500/60 7 3:5 12 

SE 1500/90 6 ae 9 

SE 2000/30 27 2.4 13 

SE 2000/60 SE 4.7 10 

SE 2000/90 27 15 D 

SE 2000/120 5 ef 4 

SE 2000/180 4 4.2 1 

IR 1500/450/30 33 6.2 8 

IR 1500/450/18 35 7.9 3 

IR 1500/280/18 30 7.2 6 

SE 500/30 oF 6.4 7 

SE 260/30 32 8.1 2 

SE 260/18 39 10.3 1 





Note.—SE = spin echo; C/N = contrast to noise. Pulse sequence numbers are TR/TE 
or TR/TE/TI (all in msec). Data corrected to a standard 9-min scan time. The SE 260/18 
(rank 1) pulse sequence yielded C/N ratios significantly greater than all other sequences 
Modified with permission from Stark et al. [13] 
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patients to compare their relative sensitivity and specificity. 
The study group included 64 patients with known or sus- 
pected liver metastases, 31 with normal liver CT scans, 20 
volunteers with normal MR images, and 27 patients with 
typical hepatic cysts or hemangiomas. MR imaging was per- 
formed on a 0.6-T Technicare (Teslacon) system by using 
inversion recovery, and both heavily T1-weighted and heavily 
T2-weighted spin-echo sequences. CT scans were obtained 
with a variety of techniques including noncontrast (14%), rapid 
drip-infusion (74%), and bolus techniques (12%), but no at- 
tempt was made to compare specific CT contrast techniques 
as separate variables. 

In the first phase of a three-part analysis, separate MR and 
CT sequences were retrospectively reviewed in a blinded 
fashion by three radiologists. In the second, still-blinded phase 
of the study, all MR sequences for an indiviudal patient were 
combined and the entire examination read by each radiologist. 
Because there was no surgical proof available to confirm 





AJR:147, December 1986 


most individual metastatic lesions, we conducted a final third 
unblinded stage, in which the entire MR examination and the 
CT scans were read concurrently in a group review. An effort 
was made to obtain a final consensus on the image findings 
and clinical pathologic correlation from any available clinical 
details in the medical record. 

The results of these studies are being reported in greater 
detail elsewhere. Preliminary analysis of data from the first 
125 patients indicates a definite gain in accuracy with MR. 
MR had a sensitivity of 68% for detection of individual metas- 
tases, as opposed to a 54% sensitivity for CT. MR sensitivity 
for identifying individual patients who did or did not have liver 
cancer was 87%, as opposed to 84% for CT. Although the 
overall ability of MR to globally discriminate normal from 
tumor-bearing liver was not statistically better than CT, its 
14% greater sensitivity for lesion detection was statistically 
significant. This increased sensitivity is clearly valuable for 
those patients in whom knowledge of the number and location 


Fig. 6.—False-negative CT, and true-positive 
MR. Two separate metastatic lesions from colon 
primary are seen in inferior portion of right he- 
patic lobe. 

A, Bolus-enhanced CT scan showing no ab- 
normality on two adjacent sections. 

B, T1-weighted, short-TR/TE, spin-echo se- 
quence, two comparable sections showing two 
typical long-T1 metastatic deposits. 


Fig. 7.—Negative/equivocal bolus CT scan 
with obvious positive MR for right hepatic lobe 
metastatic deposit. Breast primary. 

A, CT scan was considered equivocal in right 
hepatic lobe for metastatic disease. 

B, Obvious 2-3 cm lesion in right hepatic lobe 
on short-TR/TE spin-echo sequence. 
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Fig. 8.—False-negative CT at dome of diaphragm. Colon primary. 
A, Contrast-enhanced CT interpreted as negative. 


B and C, T1-weighted and T2-weighted (C) spin-echo sequences showing obvious lesion at anterior margin of liver. A second, less clearly defined 


lesion (partial volume) is apparent more medially and posteriorly. 





of metastases could affect planned hepatic resections (i.e., 
colon metastases). MR was also less likely to give false 
positives, with a specificity of 98% vs 91% for CT. Also, for 
10-12 patients with one or more metastatic lesions and 
negative or equivocal CT scans, MR showed conspicuous 
evidence of liver metastases [Figs. 6 and 7]. However, in only 
one patient were lesions seen on CT that were not visible on 
MR. MR was especially likely to reveal focal lesions in the 
dome of the liver, where CT detail was blurred because of 
cardiorespiratory motion (Fig. 8). 

In a direct comparison of the sensitivity of individual pulse 
sequences for the presence of liver lesions, the short-TR/TE 
sequence proved superior to both first- and second-echo, T2- 
weighted, spin-echo sequences (69% vs 40% and 45%, 


Fig. 9.—Variation in tumor signal intensity 
with pulse sequence may allow masking or ob- 
scuration of lesions especially on first-echo, T2- 
weighted, spin-echo sequences. Three 1-2 cm 
metastatic colon deposits in posterior portion of 
right hepatic lobe. 

A, Short-TR/TE sequence (TR = 260 msec, 
TE = 18 msec) shows two clearly demarcated 
lesions at periphery of posterior right hepatic 
lobe with a third, more ventral, lesion less clearly 
seen. 

B, T2-weighted spin-echo sequence (TR = 
2000 mec, TE = 60 msec) shows complete ob- 
scuration of all three lesions. 


Fig. 10.—Another example of metastatic dis- 
ease from pancreatic cancer obscured and 
blurred on first-echo, T2-weighted, spin-echo se- 
quence. Cluster of three lesions from colon pri- 
mary at tip of right hepatic lobe. Primary tumor 
can be seen in head of pancreas. 

A, SE 260/18. 

B, SE 2000/60. 


respectively). As expected, tumor signal intensity varied 
greatly with pulse sequence. On the first echo (TE = 60 msec) 
of T2-weighted spin-echo sequences, the tumor often became 
isointense with normal liver (Figs. 9 and 10), or typical 
rounded-appearing lesions seen on heavily 11-weighted se- 
quences acquired a blurred or geographic appearance and 
appeared larger in size. These changes are believed due to 
perifocal edema. 

Cases in which numerous (>20) individual lesions were 
present were qualitatively graded, and the superior tissue 
contrast inherent in the MR signal was often evident on both 
heavily T1-weighted and heavily T2-weighted spin-echo se- 
quences when compared with CT. 

A potential criticism of our case material could be the 
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infrequent use of rapid, mechanically delivered, high-dose 
contrast injection combined with dynamic CT techniques (use 
did increase late in the study period). However, clinical prac- 
tice across the nation does not uniformly use that technically 
demanding approach, and therefore our results more likely 
reflect the community standard. Moreover, perhaps the ap- 
propriate comparisons of MR and CT are yet to be made. For 
example, with the anticipated introduction of MR contrast 
agents for the liver such as gadolinium-DTPA, the validity of 
comparisons between enhanced-CT and unenhanced-MR 
techniques is questionable. If it is proper to compare unen- 
hanced MR with dynamic bolus-enhanced CT, will it eventually 
be more proper to compare enhanced CT with gadolinium- 
DTPA-enhanced MR? As in the case of dynamic bolus CT, 
what percentage added yield in accuracy will justify the cost 
and risk of using contrast material in MR imaging? 


MR Features of Liver Cancer 


Morphologically, primary and metastatic liver cancers are 
generally indistinguishable from each other, although occa- 
sional suggestive MR imaging features are now being de- 
scribed. In the specific case of solid liver tumors, Moss et al. 
[19] were unable to record any specific T1 and T2 values 
among primary or metastatic tumors, among different primary 
tumor types, among similar tumor types in different patients, 
or among different regions of the same tumor nodule. These 
variations in T1 and T2 values were attributed to varying 
degrees of cellularity, hemorrhage, perfusion, and necrosis, 
as well as variations in normal tissue measurements. Overlap- 
ping morphologic patterns of cantour sharpness, size, loca- 
tion, and local vascular displacement are also common. 

As in other organs, signal intensity of tumors in the liver 
varies with pulse sequence, becoming darker on T1-weighted 
and brighter on T2-weighted sequences and often isointense 
on balanced sequences. In our experience the most diagnos- 
tic finding in metastatic disease is a bright peripheral halo 
surrounding a low-density or isointense nodule on first- or 
second-echo delay T2-weighted sequences (Fig. 11). In our 
analysis of patients with proven metastatic liver cancer, this 
characteristic peripheral halo was present in approximately 
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one-fourth of metastatic lesions, and was never observed in 
benign lesions such as cysts or hemangiomas. Although the 
exact cause of the halo is unknown, it is believed to reflect 
microscopic peritumoral edema. However, in primary hepa- 
tomas, a distinctive low-density peripheral rim may surround 
the tumor on T1-weighted images. In a study from Japan, 
Ebara et al. [27] found such a rim in 43% of cases and 
histologically confirmed its fibrous pseudocapsule origin. Oc- 
casional hepatomas also showed central steatosis within the 
tumor, giving short T1 values. In focal nodular hyperplasia, 
the characteristic stellate collagenous scar has also been 
observed by MR [28]. 

Other morphologic features of liver cancer are less common 
and less specific. With longer-echo-delay T2 sequences, solid 
tumors show gradual loss of hyperintensity and margin sharp- 
ness due to deteriorating SNR and the effects of respiratory 
motion. Tumors with central liquefaction necrosis or rich 
vascularization acquire characteristics of fluids and may show 
varying degrees of homogeneous persistence of bright signal 
on late-echo images. Such cases may mimic hemangiomas 
or cysts. 


Differential Diagnosis: Tissue Characterization 


Because as much as 10% of the adult population pos- 
sesses either a benign hepatic hemangioma or simple liver 
cyst, MR screening for liver cancer will require at least some 
tissue specificity to be useful clinically. Because nearly all 
diseases cause prolongation of both T1 and T2 relaxation 
times in a nonspecific manner, ability to differentiate benign 
from malignant lesions has been limited. In particular, on T1- 
weighted screening sequences all space-occupying liver le- 
sions (tumor, abscess, hemangioma, cyst) give a similar low- 
signal, dark appearance with few identifying features. 

Cavernous hemangiomas present a particular problem in 
differential diagnosis from tumor because of their frequent 
incidental discovery as a solid focal lesion on routine sonog- 
raphy or CT. About 20% of hemangiomas lack the typical 
dense, hyperechoic, through-transmitting appearance on so- 
nography. Even bolus-enhanced CT, the usual definitive non- 
invasive test, gives atypical results in 48% of cases if modern 


Fig. 11.—Typical bright signal peripheral halo 
surrounding metastatic colon carcinoma in right 
hepatic lobe. A and B are two different patients. 
This appearance occurred in approximately one- 
fourth of proven metastatic lesions and is best 
seen on first-echo (TE = 60 msec) or second- 
echo (TE = 120 msec) delay T2-weighted se- 
quences. It is presumed to reflect perilesional 
inflammatory edema. 
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Fig. 13.—Hepatic hemangioma. First-echo (A), second-echo (B), third- 
echo (C) delay spin-echo images (TE = 60, 120, 180 msec, repectively). 
Bright-signal hemangioma persists in homogeneous brightness despite 


strict criteria are applied [29]. Similarly, radionuclide blood- 
pool scanning is useful only in lesions exceeding 3 cm in 
diameter. 

Recently, however, heavily T2-weighted spin-echo pulse 
sequences reflecting the presence of slowly flowing blood 
within the lesion have been found by several groups to give 
a highly reliable MR appearance [30-33]. Morphologically, 
hemangiomas most often appear as rounded, subcapsular, 
sharply marginated, homogeneously bright signal lesions on 
T2-weighted sequences (Fig. 12). Typically, and in contradis- 
tinction to solid cancers, the homogeneous, dense, bright 
signal and sharp margins persist on heavily T2-weighted 
delayed-echo images, whereas tumors fill in and become 
blurred (Fig. 13). 

These features were accounted for by Itai et al. [30], who 
found prolongation of T2 relaxation times greater than 80 
msec in 15 of 18 hemangiomas, while only one of 20 primary 
or secondary liver cancers under 3 cm showed similar prolon- 
gation. Stark et al. [31] also confirmed that hemangiomas 
have a quantitatively greater contrast-to-noise ratio than liver 
cancer (p < .001). Thus, greater sensitivity and specificity for 
diagnosis of hemangiomas over either contrast-enhanced CT 
or sonography can be achieved with heavy T2-weighting 
because of the extremely high lesion-liver contrast even with 
small (1-2 cm) lesions [30]. In our department, MR has 
replaced CT, radionuclide scans, and angiography as the 
study of choice for suspected hemangiomas. 
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Fig. 12.—Hepatic hemangioma. 

A, Short-TR/TE spin-echo sequence. 

B, Heavily T2-weighted, second-echo, spin-echo 
image (TE = 120 msec). Single, intensely bright, ho- 
mogeneous, long-T2 lesion. Characteristic appear- 
ance in periphery of right posterior hepatic lobe in 
subcapsular area. 


increasing image noise. Metastatic lesions fill in and lose definition with 
longer echo delays. 


In clinical practice, other differential diagnostic features of 
hemangioma may also be valuable. Small peripheral venous 
structures, tumors, and hemangiomas produce a similar 
round dark lesion on T1 images; on T2 images vessels remain 
black, and while both tumors and hemangiomas appear 
bright, tumor brightness fades whereas hemangioma bright- 
ness increases with longer echo delay. Simple benign hepatic 
cysts may give a similar bright-signal MR appearance on T2- 
weighted images, but these MR features are those of a typical 
benign lesion and the differentiation of an innocent cyst from 
a solid hemangioma can be readily made by sonography. 
However, in about 10% of cases of hemangioma, overlapping 
T1 and T2 values may create a diagnostic problem [34]. 
Necrotic or very vascular metastases may give a long T2, or 
fibrotic thrombosed hemangiomas may develop T2 shorten- 
ing. Overall, however, with the use of a heavily T2-weighted 
sequence MR can detect and distinguish cavernous heman- 
gioma from liver cancer with a sensitivity and specificity in 
excess of 90%. It can thus function well either as a screening 
procedure or tertiary problem-solving examination. 


Other Pulse Sequences: The Fat-Liver Association 


Fatty infiltration of the liver is commonly observed in asso- 
ciation with advanced malignancy. At liver imaging, confusing 
diagnostic appearances may occur with geographic foci of 
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fat, tumor, or normal attenuation parenchyma. Similarly, MR 
is rather insensitive in detecting fatty infiltration. In experimen- 
tal animals massive increases in triglyceride content produce 
only minimal increases in image signal intensity with conven- 
tional pulse sequences [35]. The normal liver contains only 
5% fat by weight, but in cancer patients with associated fatty 
metamorphosis, the increased fat may be exploited by chem- 
ical-shift spectroscopic techniques that greatly enhance tu- 
mor-liver contrast. 

An innovative method for in vivo proton-spectroscopic 
chemical-shift imaging on commercial low-field systems was 
described by Dixon [36], who used a modification of the spin- 
echo sequence designed to display the difference in preces- 
sion frequency between water and fat protons. Earlier work 
by Rosen et al. [37] had confirmed that chemical-shift imaging 
had a greater sensitivity than conventional MR imaging in 
detecting fatty liver, but the resulting images had poor spatial 
resolution. Dixon used a conventional clinical scanning system 
to produce high-quality images that were indivdually depend- 
ent on either the water or the fat content of the liver. Phase- 
contrast (opposed-phase) images were then generated by 
subtracting the water and fat magnetization. Increased he- 
patic fat signal subtracted from hepatic water protons gave a 
reduction in normal-liver signal intensity, and by using a T2- 
weighted spin-echo sequence tumors were easily distin- 
guished as bright lesions against the black subtracted back- 
ground of the fatty infiltrated liver (Fig. 14). High spatial 
resolution, contrast resolution, and convenient imaging 
speeds were preserved. Subsequent studies by Lee et al. 
[38] and Stark et al. [39] confirmed the superiority of opposed- 
phase images over conventional spin-echo techniques for 
detection of liver metastases. Stark et al. [39] found 72% of 
40 patients with biopsy-proven metastatic liver cancer to 
show improved signal-difference to noise ratios over in-phase 
images with good preservation of anatomic detail. Signal 
intensity from malignant deposits showed no decline on op- 
posed-phase images, presumably as a result of the lack of 
fatty accumulation within tumor tissue. The T2-weighted 
phase-contrast technique was thus suggested as a useful 
modification for T2-weighted imaging of suspected liver me- 
tastases [38]. However, we have not used this method rou- 
tinely because of the high efficacy of our short TR/TE T1 and 
multiecho T2 spin-echo sequences. 

In a different approach, suppression of the high-intensity 
signal from fat in the liver and in the entire upper abdomen 
was reported by Bydder and coworkers [40, 41] using a 
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special inversion-recovery sequence with very short TI (inver- 
sion time). Termed STIR (short-inversion-time inversion re- 
covery), this technique depends on the property that every 
tissue has a corresponding pair of TI and TR that will null out 
the signal for that tissue or any other tissue with a similar 
relaxation time. By using a sufficiently short TI TR sequence, 
the usual contrast relationships are reversed so that T1- and 
T2-dependent contrast after the 90° pulse is additive. For 
instance, on Bydder’s 0.15-T system, an image obtained with 
an IR 1500/100/44 showed a liver tumor to appear brighter 
than normal liver parenchyma because the inversion time is 
shorter than the null point of the tumor. The normal liver 
parenchyma appears darker while the tumor appears brighter, 
giving the effect of a T2-weighted image. The STIR technique 
obtains similar results in imaging the CNS and upper abdomen 
where suppression of subcutaneous fat signal has the addi- 
tional benefit of eliminating one of the major causes of respi- 
ratory ghosting, motion artifacts. A disadvantage of the STIR 
technique is that the images appear somewhat noisy; the 
method has not been widely used to date. 


Hepatic MR Contrast Agents 


The ability of exogenous pharmaceutical compounds to 
affect MR signal intensity by altering T1 and T2 relaxation 
values holds high promise for liver-cancer detection, and 
intense research is underway by many groups (including our 
Own). 

What is the rationale for developing MR contrast agents, 
given the apparent superiority of MR over CT in terms of 
contrast resolution for detection of focal liver metastases? 
Can the added cost and potential risk of toxicity be justified? 
Administration of a paramagnetic contrast agent that affects 
T1 and T2 values of normal diseased tissue pairs in predict- 
able directions will allow preselection of a standardized, opti- 
mal set of instrument pulse sequences. In some instances 
the number of necessary pulse sequences could be reduced 
because of the highly predictable range of results expected. 
In other cases, because of the increased signal intensity 
generated by the contrast agent, repetition times and number 
of excitations could be reduced, thus also shortening overall 
scan time. The net result could be increased patient through- 
put and/or decreased examination costs. Increased contrast 
differences between normal and tumor tissue and patterns of 
tumor enhancement could also increase both the sensitivity 


Fig. 14.—Proton-spectroscopic chemical- 
shift imaging disclosing enhanced tumor-liver 
signal difference on phase-contrast (opposed- 
phase) image. Multiple right lobe deposits from 
carcinoid. 

A SE 2000/60 in phase image showing depos- 
its as bright-signal areas in middle right hepatic 
lobe and along posterior right crural surface. 

B, SE 2000/60 opposed-phase chemical-shift 
image shows loss of liver signal due to hepato- 
cyte fat, with resultant increases in visibility of 
metastatic lesions. Note especially two nodules 
along diaphragmatic crura. 
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of disease detection and the specificity in tissue characteri- 
zation. Both of the foregoing could increase the ability of MR 
to compete with CT as a primary screening method for the 
detection of metastatic liver cancer. 

Contrast agents are most useful when selective accumu- 
lation occurs in only one of two tissues being compared 
[42]. In the case of a clinically applicable, liver-specific MR 
agent useful for cancer detection, requirements for a suitable 
compound would include (1) uptake by normal liver tissue, (2) 
exclusion by cancerous tissues, (3) magnetic activity sufficient 
to alter relaxation times of normal liver tissue without affecting 
adjacent tumor nodules, and (4) either low toxicity or a high 
margin of safety for the effective dose. Although an MR 
contrast agent that seeks a specific tumor is theoretically 
possible (e.g., monoclonal-antibody tagged), efforts to de- 
velop such tumor-selective agents for CT and sonography 
have met with little success. Similarly, exploitation of native 
physiologic mechanisms will probably be more fruitful with 
MR. 

Three principal functions of the liver serve as possible 
routes for administration of a hepatic contrast agent: vascular 
flow, hepatobiliary excretion, and reticuloendothelial-system 
phagocytosis. Promising initial results have already been re- 
ported with all three mechanisms. 

Gadolinium DTPA (Gd-DTPA) remains the best known 
paramagnetic substance currently available for human inves- 
tigations [43-47]. As a result of proton-relaxation enhance- 
ment of nearby hydrogen nuclei, decreases in both T1 and 
T2 relaxation times occur, with T1 and T2 shortening predom- 
inating at lower and higher concentrations, respectively. The 
pharmacokinetic and biodistribution properties of Gd-DTPA 
are essentially analogous to that of conventional iodinated 
contrast agents used for CT [43, 44]. There is rapid plasma 
clearance and renal excretion by glomerular filtration. Both 
compounds are excluded by brain tissue with a physiologically 


Fig. 15.—Rapid MR imaging of implanted ad- 
enocarcinoma in a rat liver after gadolinium- 
DTPA injection, SE 250/15/1(0.6-min scan time). 
Pre-—Gd-DTPA, tumor (arrows) has lower signal 
intensity than surrounding liver. Grainy image 
quality is due to poor signal-to-noise ratio. Post- 
Gd-DTPA images show an increase in signal 
intensity from normal liver. Early images (1, 2, 
and 3 min) show enhanced tumor-liver contrast, 
whereas later scans (8, 10 min) show reduction 
in tumor-liver contrast. At 10 and 15 min, tumor 
signal intensity actually exceeds that of liver. 
Sixty minutes after Gd-DTPA, some areas of 
tumor nodule once again show lower signal in- 
tensity than liver due to washout. (Reproduced 
with permission from Saini et al. [48]). 
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intact blood-brain barrier and are selectively accumulated in 
abnormal tissues [45-47]. However, outside the CNS and in 
particular in the liver, GD-DTPA is distributed within the 
intravascular compartment initially and then diffuses in a 
nonspecific fashion throughout the interstitial extravascular 
tissue Compartments, entirely analogous to the patterns of 
contrast enhancement seen with liver CT. 

As a result of this nonspecific vascular distribution, early 
clinical trials of Gd-DTPA-enhanced liver MR for detection of 
liver metastases were disappointing [45]. In patients studied 
at the Hammersmith Hospital in London, a decrease in tumor- 
liver signal difference was frequently seen after an IV bolus 
infusion of 0.1 mmol/kg Gd-DTPA [45]. On postcontrast 
inversion-recovery scans, tumor nodules became isointense 
with surrounding liver and were obscured by extracellular, 
nonspecific distribution of the contrast agent, with “leakage” 
of the Gd-DTPA from the normal vascular space into the 
tumor. As with contrast-enhanced liver CT, equilibration into 
the interstitial compartment of the tumor resulted in a net loss 
in contrast. 

In studies of Gd-DTPA imaging with a rat model of liver 
cancer from our laboratory, Saini et al. [48] emphasized the 
importance of immediate “dynamic” (1-2 min) postinjection 
scanning to maximize liver-tumor signal differences, just as 
with dynamic bolus CT. A short-TR/TE spin-echo sequence 
with 1-2 excitations showed threefold increase in tumor-liver 
signal-difference to noise ratio in the first minute after Gd- 
DTPA, with the two types of tissue returning to isointensity 
by 8 min (Fig. 15). The disappointing early Hammersmith 
results were postulated to reflect limitations imposed by the 
inversion-recovery-sequence timing parameters that resulted 
in images being obtained essentially in the equilibrium phase. 
Short-TR/TE, T1-weighted, spin-echo pulse sequences suit- 
able for conventional MR liver imaging thus appear ideal for 
gadolinium-enhanced imaging of the liver as well. Indeed, 
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Wolf et al. [49] have also shown the speciifc advantages of 
gadolinium-enhanced liver imaging in animals with short-TE 
instrument parameters. T1-weighting, signal preservation due 
to less T2 decay, lower contrast dose, and shorter imaging 
time all follow. Ultimately it may therefore be possible to 
perform only gadolinium-enhanced scans without an initial 
unenhanced series, similar to commonly used CT techniques. 
Pilot studies on gadolinium imaging of human patients with 
liver metastases are now beginning in our department. 
Among other possible liver MR contrast agents, a new 
class of compounds, superparamagnetic ferrite iron-oxide 
particles (Fe203), have attracted the attention of several 
groups (including our own) because of unique advantages 
related to their biodistribution, powerful relaxation mecha- 
nism, and low toxicity [50-53]. Prior medical uses of magnetic 
iron particles have included diagnostic immunoassay and 
magnetic separation techniques, magnetic labeling of cell 
surface-receptors and targeting of chemotherapeutic agents 
[50]. The ferrite-iron particles act by a unique superparamag- 
netic mechanism in which synergistic effects between mole- 
cules in a crystalline lattice create local field inhomogeneities 
when an external magnetic field is applied. Resulting powerful, 
selective T2 relaxation effects are 50 to 100 times more 
potent than the effects of Gd-DTPA on T1 relaxation rates as 
measured by the EDso (effective dose 50 or dose required to 
reduce MR signal intensity by 50%) [54]. This indicates the 
potential for use of ferrite particles at low doses (Fig. 16). IV 
ferrite particles are rapidly sequestered from the blood stream 
by reticuloendothelial phagocytic functions of the liver, spleen, 
and bone marrow [50-53]. Because liver cancers contain no 
reticuloendothelial elements, exclusion of ferrite particles from 
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Fig. 16.—Comparison of ferrite vs Gd-DTPA liver relaxation. Gadolinium 
(T1 relaxation effect) shows a linear dose response with an EDso of 4.0 
mmol/kg of Gd. (EDs. = effective dose 50. This is the dose required to 
alter MR signal intensity by 50%.) The ability of ferrite to alter T2 relaxivity 
appears 80 times more powerful by virtue of an EDs. of 0.05 mmol Fe/kg. 
This nonlinear superparamagnetic effect on T2 relaxation will achieve the 
desired image signal blackening at minute dose levels. 
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Fig. 17.—Ferrite-enhanced liver-tumor signal difference in a rat with 
implanted mammary adenocarcinoma. 

A, Preferrite SE 250/15 image showing long-T1 tumor nodule darker 
than surrounding normal liver. 

B, After 1 mg IV ferrite-particle suspension. SE 500/30 showing striking 
signal blackening of normal liver with typical T2 brightening of tumor 
nodule. Specific reticuloendothelial system distribution of the ferrite with 
exclusion from tumor tissue is achieved. 


cancer occurs. Wolf et al. [51] first used a VX2 rabbit carci- 
noma model to document that selective T2 relaxation effects 
occur in normal liver tissue relative to cancer tissues. Studies 
in our laboratory by Saini et al. [52] confirm striking differences 
in signal-difference to noise ratios of liver and tumor after 
umole/kg doses of ferrite particles in rats with implanted 
mammary carcinomas. Imager pulse-sequence selection is 
simplified because of the predictable profound liver blackening 
and preservation of spatial resolution (Fig. 17). The effect 
resembles the ability of ferromagnetic iron proteins, ferritin, 
and hemosiderin to cause profound signal loss in iron-over- 
loaded tissues (hemochromatosis). Hepatic iron overload is 
the experiment of nature that provided the basis for devel- 
oping iron-oxide particles as MR contrast agents [55]. Crys- 
talline ferrite particles can be fabricated at sizes less than 1 
um to avoid trapping in the pulmonary circulation. Coating 
with a variety of hydrophilic substances confers solubility for 
IV administration, and the potential for fashioning biodegrad- 
able particles further decreases risk of clinical toxicity. 

Finally, both Gd-DTPA-enhanced and ferrite-enhanced liver 
MR may show special advantages in conjunction with fast 
imaging techniques, especially gradient-echo, partial-satura- 
tion sequences. The 10- to 20-sec acquisition times will allow 
dynamic-bolus phase imaging before the equilibration of Gd- 
DTPA into the interstitium that causes loss of tumor-liver 
signal difference. Hepatic flow and perfusion studies can also 
be envisioned [56]. In the case of ferrite, because the gradient- 
echo technique lacks a refocusing 180° pulse, its bulk mag- 
netic susceptibility effects are increased, heightening sensitiv- 
ity to the rapid proton dephasing of short T2 relaxation times 
[12]. This should further reduce the dose of ferrite required 
to cause the desired liver signal loss and proportionately 
increase the safety margin of this new agent. 
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Conclusion 


This review of clinical and laboratory directions ‘in develop- 
ment of MR liver imaging illustrates the breadth and complex- 
ity of advances underway as well as the potential for future 
developments. Limitations of space have precluded consid- 
eration of the superior contributions of MR in major nonneo- 
plastic conditions such as hepatic and portal venous disease 
and iron-overload states. Limited time is presently available 
on clinical MR systems for nonneurologic applications, but 
new system installations nationwide will probably create more 
opportunity for abdominal applications. Therefore, additional 
studies can be expected to extend present achievements. 
We, therefore, have reason to anticipate that MR.will replace 
CT as the primary imaging method for detection of liver 
disease. Even if the accuracy of MR could only achieve parity 
with CT, the infrequent but well-understood serious risks of 
iodinated IV contrast material would result in the choice of 
MR [57]. The prospect that third-party payors might consider 
an either-or reimbursement choice between MR and CT, as 
injudicious as that might be, sharpens the issue further. In 
response, CT purists may insist that as a competing primary 
screening technique, MR should replace the clinical whole- 
abdomen-—screening role of body CT completely if possible. 
To accomplish this, an effective gut contrast agent will be 
necessary to allow delineation of associated disease in 1 the 
pancreas and retroperitoneum. . 
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The Impact of Radiology on 
Hepatology 





Because of remarkable advances in diagnostic imaging and the development of a 
variety of useful interventional techniques, radiology now plays a central role in the 
diagnosis and treatment of patients with hepatic disease. These include focal, vascular, 
and metabolic liver diseases, abnormalities of the biliary tract, and conditions associated 
with hepatic transplantation. Thus, optimal care of patients with liver disease now 
requires that there be close cooperation between the two specialties. 


This lecture honors the memory of Walter B. Cannon (1880-1936), the distin- 
guished Harvard physiologist who, as a medical student, realized the significance 
of X-ray in the study of the gastrointestinal tract. It was Cannon who made the 
first observations of gastrointestinal motility and, in particular, its relation to the 
emotions. Cannon could not have envisaged the developments of the next 40 
years. In that interval the discipline of hepatology was born, and radiology pro- 
gressed from its crude beginning to include sonography, CT, and MR imaging and 
the interventional procedures that they made possible [1, 2]. The lecture describes 
some important clinical situations in which the radiologist literally “takes over” from 
the hepatologist and shows how the two disciplines have developed in happy 
symbiosis. 


Focal Lesions 


Focal lesions can be divided into two classes: those that one wishes had never 
been seen and those that are clinically significant. Hemangiomas and simple cysts 
fall into the first category. They are diagnosed when a sonogram or CT is performed, 
often simply as a screening procedure when the clinician is driven, frequently by 
the patient, to make a diagnosis that would explain persistent, usually functional 
abdominal symptoms. Knowledge of the presence of the focal lesion can alarm the 
patient and confuse the physician. However, the imaging appearances are usually 
so characteristic that reassurance can be complete. 

Hemangiomas are extremely common and are found in about 5% of autopsies. 
They may be single or multiple, small or large. They are usually asymptomatic and 
are occasionally painful as a result of intralesion hemorrhage. External rupture is 
virtually unknown. The contrast-enhanced CT scan is usually diagnostic, showing 
puddling of contrast material in venous channels followed by diffusion of contrast 
material from periphery to center with complete opacification in 30 to 60 min [3]. 
The hemangioma may be diagnosed by Technetium-99-—labeled red-cell flow studies 
that show delayed filling of the lesion [4]. MR has been applied, since T2-weighted 
spin-echo imaging is the procedure of choice in distinguishing hemangiomas from 
liver cancers [5]. Sonography shows a well-defined area of increased echogenicity, 
and it and CT are so dependable in the diagnosis that the other techniques, 
including angiography, are rarely required. 
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Simple cysts show characteristic appearances on CT and 
sonography. Their diagnosis can be followed by complete 
reassurance of the patient. Liver failure never follows poly- 
cystic disease, however large the cysts are. 

Hepatocellullar carcinoma is a scourge, particularly in areas 
where the carriage rate of hepatitis-B is high. The diagnosis 
is usually made late, after any possibility of surgical resection 
has passed. In areas such as Taipei, China, and Japan, 
diagnosis is being achieved by high-resolution, linear-array, 
real-time sonography [6-8]. Lesions as small as 1 cm can be 
detected. Hepatocellular cancers are usually hypoechoic, 
whereas small hemangiomas and some metastases are hy- 
perechoic. Ideally, all hepatitis-B, surface-antigen—positive 
men more than 40 years old should have a sonogram and 
serum alpha-fetoprotein estimation every 6 months. The con- 
trast-enhanced CT scan is of particular value and may show 
complications of the tumor, such as ascites or rupture. 

Almost any lesion seen on imaging of the liver may safely 
be biopsied, with the exception of a large hemangioma. Direct 
(image-guided) liver biopsy gives a much higher percentage 
of positives than the nonguided percutaneous technique. The 
overall accuracy of diagnosis with the “blind” technique is 
80%, but this can be raised to 95% if a directed form of liver 
biopsy is used [9]. In the last 4 years at the Royal Free 
Hospital, the number of liver biopsies performed by radiolo- 
gists has markedly increased. A focal defect is recognized by 
sonography or CT, and, if coagulation and other conditions 
are Satisfactory, a Trucut biopsy needle (Travenol, Deerfield, 
IL) is advanced into the lesion. The method of imaging for 
diagnosis has varied and includes scintigraphy, sonography 
(which has the advantage of not involving radiation and low 
cost), CT, and hepatic angiography [10]. In those with poor 
coagulation, a Gelfoam (Upjohn, Kalamazoo, MI) plug or steel 
coil may be injected through the outer cannula of the Trucut 
needle after the inner cutting needle, with its contained spec- 
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imen, has been removed. At the Royal Free Hospital, this has 
been effective in preventing major bleeding after image-guided 
biopsies in those with coagulopathies. It is a quicker method 
than the transjugular route, which does not permit the biopsy 
needle to be directed toward a focal lesion. 

Abscesses of the liver can be aspirated under direct guid- 
ance by sonography or CT (Fig. 1). This is the treatment of 
choice once hydatid disease has been excluded. The aspi- 
rated pus is cultured, and appropriate antibiotics are started. 
The aspiration can be repeated, or a catheter can be left in at 
the time of the first aspiration. Multiple abscesses are more 
difficult to treat, but sometimes percutaneous drainage of 
each is possible. Percutaneous sonographic or CT-guided 
catheter drainage has also been used for selected cases of 
amebic liver abscess [11]. Indications include uncertain diag- 
nosis, imminent rupture, and a left-lobe or very large abscess. 


Hepatic Vascular Lesions 
Portal Vein 


This should be demonstrated as soon as possible in any 
patient admitted with bleeding esophageal varices so as to 
determine whether the portal hypertension is due to portal 
vein block or cirrhosis (patients with portal vein block will 
have a better prognosis). The techniques, in order of inva- 
siveness, are sonography, selective celiac angiography, per- 
cutaneous splenoportography, and transhepatic venography 
[1, 2]. Sonography has the advantage of simplicity but pro- 
vides poor definition of the entire portal venous system. It is, 
however, very useful as an emergency screening procedure. 
Selective angiography has the advantage of relative safety 
and of showing the hepatic arterial anatomy and so diagnos- 
ing any coexistent hepatocellular carcinoma. Percutaneous 
splenoportography is still occasionally performed and gives 
the best definition of the extrahepatic portal anatomy. It is 





Fig. 1.—Patient with thalasemia and previous 
splenectomy and unexplained pyrexia. CT scan 
shows dense liver caused by iron overload and 
a liver abscess. Pus was aspirated and contrast 
material and antibiotic instilled into cavity. 


metastases. 


Fig. 2.—Patient with resected primary carcinoid tumor of ileum and multiple symptomatic liver 


A, Digital subtraction angiogram shows numerous vascular lesions. 
B, Repeat study after selective hepatic arterial embolization to ablate tumor function. 
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especially useful when extrahepatic portal obstruction is sus- 
pected. Measurement of the intrasplenic pressure (portal 
blood pressure) is a bonus. Transhepatic portal venography 
gives the best definition of the portal vein and allows meas- 
urement of portal venous pressure, but is performed only 
when transhepatic variceal sclerosis is contemplated [12]. CT 
is useful in showing both subcutaneous and deep varices 
[13]. Percutaneous transhepatic angioplasty has been used 
to treat portal venous obstruction [14]. 


Hepatic Artery 


Knowledge of anatomy is of value in diagnosing vascular 
anomalies and hepatic tumors and in planning surgery. The 
introduction of digital subtraction angiography has met with 
great approval from clinicians. This, along with the use of 
smaller-diameter catheters and smaller volumes of dilute non- 
ionic contrast media, has enormously improved the safety of 
an angiogram, especially in the patient with poor liver function. 
Therapeutic embolization of the hepatic artery may be used 
for malignant tumors, particularly functioning endocrine ones 
(Fig. 2) [15]. Embolization for hepatocellular carcinoma is 
often complicated by nausea, pain, and fever. Abscess for- 
mation is rare. The tumor soon acquires a new arterial circu- 
lation via alternative vessels. Benign vascular masses such 
as adenomata and focal nodular hyperplasia may be embol- 
ized if causing symptoms. 

Arteriovenous aneurysms after liver trauma, either from 
blunt abdominal injury or liver biopsy, may result in hemobilia. 
Embolization is the definitive treatment. Aneurysms, such as 
those caused by subacute bacterial endocarditis, may also 
be obliterated [16]. 

Some of the most bizarre changes in hepatic vasculature 
are found with hepatocellular carcinoma. Celiac angiography 
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may show arteriovenous shunting, often with retrograde filling 
of the portal venous tree, perhaps associated with an abnor- 
mal circulation. The appearance is pathognomonic of primary 
liver cancer. Even without abnormal vessels, in a patient with 
cirrhosis and bleeding varices, demonstration by celiac an- 
giography of a filling defect in the main portal vein suggests 
tumor invasion rather than clot (Fig. 3). Such a finding is of 
great practical value. Heroic efforts at resuscitation with mas- 
sive blood transfusion, endoscopic sclerotherapy, and tam- 
ponade with the Sengstaken tube are clearly contraindicated. 
Invasion of the portal vein indicates that a terminal gastroin- 
testinal hemorrhage is imminent. 


Hepatic Vein 


Hepatic venous obstruction (Budd-Chiari syndrome) is sus- 
pected when any patient develops sudden right upper quad- 
rant pain with hepatomegaly and ascites. Selective celiac 
angiography, hepatic venography, and inferior venacavogra- 
phy with pressure measurements (taken in the inferior vena 
cava, hepatic vein, and right atrium) are essential to confirm 
the diagnosis and plan management. Bizarre and unexpected 
splanchnic vascular patterns may be revealed (Fig. 4). Most 
patients with Budd-Chiari syndrome due to a nonmalignant 
cause have an underlying disturbance in blood coagulation 
that may be a frank primary myeloproliferative disorder. The 
use of the in vitro erythroid colony formation test for myelo- 
proliferative disorder suggests that this can exist without 
peripheral blood changes [17]. Polycythemia may sometimes 
be a consequence of hepatic vein occlusion. Finally, Budd- 
Chiari syndrome is increasingly recognized as being associ- 
ated with collagen diseases, especially systemic lupus ery- 
thematosus, when accompanied by the circulating lupus an- 
ticoagulant [18, 19]. 





Fig. 3.—Celiac angiogram in patient with 
known cirrhosis, sudden deterioration in func- 
tion, and rising alpha-fetoprotein level. Abnormal 
vessels in right lobe above hilum with massive 
and immediate arterioportal shunting. Appear- 
ances diagnostic of primary liver cancer. Defect 
in portal vein (arrowhead) represents tumor in- 
vasion rather than a clot. 


Chiari syndrome. 


and left hepatic veins. 


Fig. 4.—Patient with systemic lupus erythematosus, circulating lupus anticoagulant, and Budd- 
A, Inferior venacavogram shows complete occlusion of suprahepatic portion of cava and major right 


B, Selective injection of a dilated hepatic vein in lower right lobe of liver shows retrograde flow with 
diversion of blood to intercostal veins (long arrows) and hemiazygous system (thick arrow). 
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Biliary Tract Diseases 


Sonographic screening for the cause of jaundice has revo- 
lutionized management. It has reduced both diagnostic lapa- 
rotomies and liver biopsies in cholestatic patients [10]. Radi- 
ologists have made a tremendous contribution through dem- 
onstration of the details of the biliary tree in the presence of 
obstructive jaundice. 

The biliary radiopharmaceuticals have so improved that, for 
one of the newest, diethyliodo HIDA (lodohida), preparation 
is easy and only 5% of the injected dose is excreted in the 
urine. Effective concentration in the bile duct is achieved in 
patients with “direct” reacting bilirubin levels exceeding 20 
mg/dl. Cholescintigraphy may solve the diagnostic dilemma 
of neonatal jaundice. It can give conclusive evidence confirm- 
ing the presence of biliary atresia (Fig. 5). It allows therapeutic 
plans to be formulated in the direction of either biliary enteric 
anastomosis (Kasai procedure) or later transplantation [20]. 

The advent of biliary imaging showed that the major intra- 
hepatic bile ducts are abnormal in a large number of patients 
with ulcerative colitis. In an Oxford survey, 2% of 681 patients 
with ulcerative colitis had cholangiographic evidence of scle- 
rosing cholangitis [21]. Most were asymptomatic and were 
Suspected only because of a raised serum alkaline phospha- 
tase level. 

Sclerosing cholangitis has more than one cause. The “pri- 
mary” type has a strong association with ulcerative colitis or, 
rarely, with Crohn's disease [22]. Sclerosing cholangitis may 
follow prolonged biliary inflammation secondary, for instance, 
to choledocholithiasis or chronic pancreatitis [23]. Typical 
sclerosing cholangitis may follow continuous hepatic in- 
fusion of fluorodeoxyuridine used to treat colorectal cancer 
[24-26]. The infusion may also cause cholecystitis [27]. Scle- 
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Fig. 5.—2-week-old infant with severe jaun- 
dice. Cholescintogram, using diethyliodo HIDA, 
shows radionuclide concentrated in liver, with 
some in urinary bladder. Biliary atresia was con- 
firmed. 
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Fig. 6.—Cholangiocarcinoma at confluence of 
hepatic ducts (Klatskin tumor). An endoprosthesis 
has been passed percutaneously from right and 
left (Carey-Coons’ on right, Burcharth prosthesis 
on left). Note external drainage catheters above 
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rosing cholangitis has followed the injection of substances 
such as formalin used to sterilize a hydatid cyst [28]. Histio- 
cystosis X can also produce the picture of sclerosing cholan- 
gitis. 

Endoscopic and percutaneous cholangiography provided 
new opportunities for access to the biliary tree without sur- 
gery and created the possibility for new therapy. Biliary ob- 
struction can be relieved by the introduction of an endopros- 
thesis, either transhepatically [29] or endoscopically [30]. The 
percutaneous technique is probably more satisfactory for high 
biliary obstructions. The soft Carey-Coons’ prosthesis (Radio- 
logic, London, U.K.), made of percuflex, is easy to mold and 
remove, and the nonopaque pusher makes the radiopaque 
endoprosthesis easy to visualize [31]. If necessary, right and 
left hepatic ducts may be cannulated for the relief of high 
biliary obstruction caused by hilar carcinoma (Fig. 6). Percu- 
taneously introduced prostheses avoid general anesthesia 
and surgery and cost less. In general, it is the older, poorer- 
risk patient who receives the nonsurgical prosthesis and the 
younger, fitter patient who has surgery. Hilar carcinomas are 
particularly suitable for prostheses as they are rarely resect- 
able. Also, for large carcinomas of the head of the pancreas, 
a complicating gastric obstruction may be treated by peroral 
intubation under fluoroscopic control. With an ampullary car- 
cinoma, if the patient is in suitable medical condition, the 
treatment should be surgery. 

Aspiration cytology should be performed in all patients with 
noncalculous biliary obstruction when the diagnosis is uncer- 
tain. It may be performed under sonographic or CT control 
but sometimes gives inconclusive results, and a tissue diag- 
nosis may not be possible. 

Balloon dilatation of strictures in the extrahepatic bile ducts 
is possible whether by the transhepatic [32] or endoscopic 





Fig. 7.—Deteriorating liver function 4 weeks 
after liver transplantation due to acute rejection. 
Celiac angiogram shows gross pruning of intra- 
hepatic arterial tree. Filling did not improve later 
in series. 


stent for 24 hr for follow-up cholangiogram. 
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[33] route. Benign strictures of ail types, including those. that 
are secondary to surgery or sclerosing cholangitis, may be 
treated. Biliary-enteric anastomoses may be dilated. Dilatation 
may be used also as a preliminary step to the introduction of 
a transhepatic biliary endoprosthesis [34]. Skin stomas can 
be treated to provide access to biliary strictures via a smail- 
bowel loop. 


Metabolic Diseases 


Imaging can help in the diagnosis and management of 
metabolic diseases and will play an even greater role in these 
areas when MR becomes more widely available. 


Fatty Change 


The sonographic appearances of fatty liver are of increased 
echogenicity [35]. Good correlation is shown between the CT 
density value of liver and the degree of histologic fat accu- 
mulation in liver celis, also between low Hounsfeld unit read- 
ings and raised gamma-GT enzyme levels in patients with a 
high alcohol consumption [86, 37]. MR may eventually be the 
most sensitive method of detecting hepatic fat [38]. Thus, 
diffuse fatty liver may be diagnosed in a number of situations 
without recourse to liver biopsy. These include acute fatty 
liver of pregnancy, diabetes, alcoholic liver disease, obesity, 
Reye's syndrome, and amiodarone therapy. 

Focal fatty liver is a benign condition diagnosed by sonog- 
raphy or CT [39, 40]. Angular areas of increased echogenicity 
are usually peripherally placed. They may disappear only for 
new lesions to develop in other parts of the liver. 


iron and Copper 


Hepatic density, determined by CT, is increased in iron 
overload. The CT scan shows relatively low-density, branch- 
ing portal veins highlighted against the higher-density liver. 
Hepatic CT numbers normally vary between 35 and 65. A 
higher value accompanied by an increased serum ferritin level 
is diagnostic of increased iron stores [41]. If dual- (or tri-) 
energy CT is available, hepatic iron concentration may be 
measured. Unfortunately, this technique is not generally avail- 
able. Liver copper usually has normal liver attenuation values 
on CT [42]. 

MR will offer greater possibilities [43]. Short TI values due 
to increased copper may be shown in Wilson’s disease and 
primary biliary cirrhosis, and increased iron will be evident in 
hemochromatosis. 


Hepatic Transplantation 


The radiologist is a most important member of the hepatic 
transplantation team. Preoperatively, selective celiac and su- 
perior mesenteric angiography are necessary [44, 45]. The 
hepatic arterial tree must be visualized, and any anatomic 
abnormality, including aberrant origin of the hepatic artery 
and preduodenal portal vein, must be noted. The portal vein 
and inferior vena cava must be seen, since obstruction to 
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either is usually a contraindication to transplantation. A selec- 
tive right renal arteriogram is also performed, as failure to 
recognize the high position of a right kidney may result in 
unavoidable right nephrectomy at the time of liver transplan- 
tation. Demonstration of biliary ducts preoperatively is per- 
formed by cholangiography, usually endoscopic but percuta- 
neous when endoscopic fails. 

After transplantation, the radiologist’s role varies at different 
stages [46]. Early complications (days 1-5) are largely tech- 
nical and include hemorrhage and bile leaks. Biliary compli- 
cations are particularly common and include malposition of T- 
tubes and later bile-duct obstruction caused by stricture. The 
arterial blood supply to the bile duct may have been disturbed, 
and this again leads to stricture formation. The most serious 
bile leak is due to necrosis of the complete donor bile duct 
secondary to hepatic artery thrombosis. In these patients a 
second transplant is required. CT imaging and HIDA, T-tube, 
or percutaneous biliary imaging are essential. 

Sepsis (days 3-14) is related to biliary obstruction plus 
immunosuppression. Again, CT and sonography are needed 
to detect abscesses (which may be due to opportunistic 
organisms and fungi) and to institute drainage. 

Rejection is seen in the third and fourth postoperative week. 
Angiography at this time may show arterial narrowing, slow 
flow, and poor intrahepatic arterial filling [44] (Fig. 7). Biliary 
strictures may be manifest many weeks or months after 
transplantation. Surgeons are keen for these to be treated 
nonoperatively, and some strictures respond to drainage, 
followed by dilatation and stenting. 
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Aortic Dissection: A Statistical 
Analysis of the Usefulness of Plain 
Chest Radiographic Findings 





Findings on plain chest radiographs of patients with aortic dissection are variable and 
often overlap those of patients without dissection. To determine which findings were 
most useful in predicting aortic dissection, plain chest radiographs from 36 patients with 
aortographically proven aortic dissection and 36 patients from a control population were 
randomized and analyzed independently by five radiologists for the presence of various 
radiographic features associated with this condition. A widened aortic knob, widened 
descending aorta, and widened mediastinum showed the greatest interobserver agree- 
ment (p < .001) although the overall interobserver agreement was poor, The final 
conclusion of the radiologists was a better predictor of dissection than any of the 
individual radiographic features alone. Widening of the mediastinum (p < .001) and 
widening of the aortic knob (p < .012) were the only two radiographic features af 
significance in predicting dissection. In a stepwise multiple logistic regression model, 
the radiologists achieved an overail accuracy of 85%, a sensitivity of 81%, and a 
specificity of 89%. Although this illustrates the usefulness of plain chest radiographs in 
diagnosing aortic dissection, poor interobserver agreement dictates that further defini- 
tive investigation be undertaken. 


Dissection of the aorta is a well-described entity in which blood dissects within 
the medial layer of the aorta [1-3]. Cardiovascular compromise produced by aortic 
dissection can be life threatening, but the initial signs and symptoms may be 
nonspecific and confusing [1, 2, 4, 5]. 

Findings on plain chest radiographs are variable and frequently overlap those of 
patients without dissection. To determine which findings were most useful in 
predicting the actual presence of dissection, we presented a group of radiologists 
with plain chest radiographs from a control group of patients with atherosclerosis 
and hypertension and from a group of patients in whom aortic dissection had been 
confirmed by aortography. The degree of agreement among the five radiologists’ 
assessments of the presence or absence of various characteristics was calculated. 
in a statistical analysis, the average of the radiologists’ subjective responses 
permitted calculation of the usefulness of the various features in predicting the 
presence of dissection. A mathematical model was used to calculate the overall 
diagnostic accuracy, specificity, and sensitivity of the different radiographic features 
and of the radiologists’ conclusions. 


Materials and Methods 


The admission chest radiographs from 36 consecutive patients with aortographically proven 
dissection at The New York Hospital between 1965 and 1977 and a control group of 36 
patients with hypertension and/or atherosclerotic cardiovascular disease were randomized, 
masked, and coded. Most were single frontal posteroanterior or portable anteroposterior 
views: a few were lateral projections or oblique views. A similar number of portable radi- 
ographs were included in both groups to avoid observer bias. The age range of the contro! 
group was 14 to 87 years (mean, 64); that of the group with dissection was 17 to 85 (mean, 
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62). The number of men and women in the two groups was similar. 
Two-thirds of the group with known dissection had type B dissection. 
The entire set of radiographs was evaluated independently by five 
radiologists who were given a clinical history of “suspected aortic 
dissection” and asked to note the presence of specific findings and 
their degree of certainty. They could answer yes or no with a qualifier 
of definite, probable, or possible. The specific features to be assessed 
were blurring of the aortic knob, pleural effusion, tracheal shift, 
displacement of intimal calcification greater than 6 mm, localized lump 
on the aortic arch distal to the great vessels, and widening of the 
mediastinum, aortic knob, paraspinal shadow, and ascending and 
descending aorta. For each of the radiographs they were asked also 
to provide a final conclusion about the presence of dissection and to 
indicate the certainty of this conclusion. 

The kappa statistic variant of Landis and Koch [6], the computed 
associated normal score (z), and p values were used to measure 
interobserver agreement in the experimental, control, and combined 
groups. If the agreement is perfect, kappa (x) will be 1. Values below 
.40 represent poor agreement beyond that expected by chance, and 
values between .40 and .75 indicate fair to good agreement. 

For each of the cases an average of the five radiologists’ responses 
to each radiographic finding and their conclusions was calculated by 
assigning a value of 1 to 6 to the level of certainty that the radiologist 
expressed. For example, if definite yes is given a value of 6 and 
definite no a value of 1, then the average of four responses of definite 
yes and one response of definite no would be (6 x 4) + (i x 1) = 
25/5 = 5. By using this calculated average value for each of the 
radiographic findings as an independent variable and treating the 
known presence or absence of dissection as a dependent variable, a 
stepwise multiple logistic regression (SMLR) was performed to de- 
termine which of the radiographic findings was most significant in 
predicting aortic dissection. SMLR is a statistical technique used to 
analyze the ability of several factors to predict one of two outcomes 
(e.g., presence or absence of dissection). Only those factors that 
significantly add to the predictive value of the model are generated 
{7, 8]. By using an SMLR model, the predicted probability of dissec- 
tion can be computed, and the sensitivity, specificity, and accuracy 
of the radiographic features and of the radiologists’ final conclusions 
can be determined. 

The software used for the analysis was RUNREGR, written by E. 
Krumblin (Department of Biostatistics, Memorial Sloan Kettering Can- 
cer Center, New York). This program will run a dichotomous logistic 
regression with 14 covariates and up to 999 cases; it is similar to the 
program described in Lee [8]. 
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The Spearman rank correlation coefficients were calculated to 
determine which radiographic features were associated. with each 
other in predicting the presence of dissection. This correlation allows 
a test of significance of two continuous variables in which no as- 
sumption is made concerning normality of the variables. f 


Results 


Table 1 shows the calculated kappa statistic for the control, 
experimental, and combined groups. Given six categories, 
overall agreement among the radiologists regarding the pres- 
ence of the plain chest radiographic features of dissection 
was poor. Agreement was greatest in the findings of a wide 
aortic knob (x = .33, z = 18.3, p < .001), wide descending 
aorta (x = .28, z = 15.6, p < .001), and wide mediastinum 
(x = .28, z = 14, p < .001). 

The SMLR analysis showed that the final conclusion was 
a better predictor of dissection than any of the radiographic 
features alone (p < .001). Omitting the conclusion of the 
radiologists in the analysis showed that widening of the 
mediastinum (p < .001) and widening of the aortic knob (p < 
.012) were the two radiographic features of prognostic signif- 
icance in recognizing aortic dissection. 

The Spearman rank correlation coefficients of the associa- 
tion between the final conclusion and the various plain radi- 
ographic features ranged from .45 (p < .001) for displacement 
of intimal calcification to .86 (p < .001) for widening of the 
descending aorta. All the plain radiographic features also were 
correlated with presence of a wide mediastinum and widening 
of the aortic knob, with values ranging from .27 (p < .02) for 
displacement of intimal calcification to .86 (p < .001) for 
widening of the descending aorta. The SMLR model was 
used to compute the predicted probability of dissection. Ac- 
cording to this model, those patients with a predicted proba- 
bility of greater than .5 were considered to have aortic dis- 
section and those with a value of less than .5 were predicted 
not to have dissection. 

By using the plain chest radiographic features alone in the 
SMLR model, a specificity of 75%, a sensitivity of 81%, and 
an accuracy of 78% was achieved. Adding the conclusion of 


TABLE 1: Interobserver Agreement in the Control, Experimental, and Combined Groups for 
Plain Radiographic Features of Aortic Dissection and Radiologists’ Final Conclusion 





With Dissection 


Feature 
K Z 

Wide mediastinum 22 7.1 
Wide ascending aorta T 6.3 
Wide descending aorta .24 8.8 
Wide aortic knob .30 10.7 
Blurred aortic knob .20 6.7 
Wide paraspinal shadow 16 5.7 
Pleural effusion 22 8.5 
Tracheal shift 22 7.6 
Calcification displacement 12 3.5 
Localized lump distal to 

vessels .06 1.9 
Conclusion 14 5.4 


Without Dissection Combined 
K Z K Z 
.16 5.9 .28 14.0 
al 10.0 26 14.4 
24 8.6 28 15.6 
.20 6.9 33 18.3 
.17 5.0 23 10.5 
.30 8.8 25 11.9 
25 7.8 27 13.5 
-15 47 27 12.3 
14 3.2 13 5.4 
.O5 1.3 .09 3.8 
22 6.5 24 13.3 


RT Gi INN PER ARS a NE PE STAIN AEA A LE IT, TEL A TESTE EE RE IES A TE ESET SA ET 
Note.—Controi = without dissection, experimental = with dissection, combined = control + experimental, x = kappa statistic, z = 
associated normal score. All p values <.001 except for “localized lump” with (p = .029) and without {p = .096) dissection. 
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the radiologists raised the specificity of the model to 89%, 
the sensitivity to 81%, and the accuracy to 85%. 


Discussion 


The cause of spontaneous aortic dissection is not known. 
Approximately 70% of patients with aortic dissection have a 
history of systemic hypertension and left ventricular hypertro- 
phy [1-4]. Our aim in this study was to analyze the usefulness 
of previously described plain chest radiographic findings of 
aortic dissection [9-12] by using a control population in whom 
an overlap of the findings might be expected. Objective 
measurements, although serving as a guideline in radiologic 
assessment, are often difficult to apply in an individual case 
because of the wide range of normal findings and a variety of 
technical considerations (e.g., supine views of poor inspiratory 
excursion). By quantifying the subjective evaluation of a group 
of radiologists, we wished to assess which of the features of 
plain chest radiographs would be most helpful in predicting 
aortic dissection. By using these data, specificity, sensitivity, 
and accuracy were calculated. 

The kappa values in Table 1 suggest that agreement among 
the radiologists regarding the plain chest radiographic fea- 
tures of aortic dissection is not much greater than that ex- 
pected at random. However, Table 2 shows that the level of 
agreement is related to the degree of certainty expressed by 
the radiologists. Agreement is fair to good at the definitive 
responses and low at the intermediate levels of certainty. 
None of the radiographic features had a high level of agree- 
ment within the intermediate levels. This suggests that there 
is little concordance among radiologists as to what constitutes 
possible and probable. The wide range of responses within 
the intermediate categories probably accounts for the overall 
low interobserver agreement. It may be inferred from this that 
the use of these ambiguous terms is not helpful in describing 
findings to other radiologists or clinicians and that it would be 
less confusing and more accurate to limit interpretation of 
radiographic findings to “yes,” “no,” or “I don’t know.” If only 
two responses had been allowed, agreement probably would 
be higher. 

Logistic regression shows that the single best prognostic 
feature in predicting dissection was the final conclusion of the 
radiologists. Synthesis of all the radiographic features by the 
radiologists appears to be more important than the mere 
tabulation of the presence or absence of individual features. 
The generated accuracy, specificity, and sensitivity are simply 
another way of displaying the data generated by the regres- 
sion model. Whenever possible, in this type of analysis, the 
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regression equation should be checked (cross-validated) and 
coefficients reestimated on a data set different from that used 
for the initial variate selection [13]. The calculated accuracy, 
specificity, and sensitivity probably would be lower if a new 
set of similar patients was analyzed. 

Using the averages of the five radiologists’ responses may 
have resulted in a higher generated accuracy than would be 
found for the response of any single radiologist. However, 
our intention was to evaluate the usefulness of the radi- 
ographic features in predicting dissection, and, given the 
absence of absolute criteria, using an average of the radiolo- 
gists’ assessments is appropriate in the logistic regression. 

The radiologists in our study were asked specifically to 
evaluate the findings related to suspected aortic dissection. 
To avoid further bias, they were not told the number of known 
cases. In practice, the radiologist may not even know that 
aortic dissection is suspected. The variety of radiographs in 
our study approached that of a clinical setting. 

Although there is a correlation between the different radi- 
ographic features and the more predictive features of dissec- 
tion, retrospective analysis of the radiographs showed that 
only one case showed clear displacement of calcification and 
only four cases showed evidence of pleural effusion. This 
suggests that these rarer findings are helpful, but their low 
frequency makes them less useful than other, more common 
findings. 

CT has been helpful in the diagnosis of aortic dissection 
[14, 15] and has supplanted angiography at many centers. 
MR imaging also has been effective in diagnosing aortic 
dissection and may become the imaging technique of choice 
(16, 17]. Nevertheless, a plain chest radiograph is most often 
the preliminary radiographic examination useful in diagnosing 
aortic dissection. In an emergency clinical setting, CT and MR 
are rarely available immediately. In our study of suspected 
aortic dissection, widening of the mediastinum and aortic knob 
are the plain radiographic features of greatest predictive 
significance. However, in view of the overall low interobserver 
agreement, their absence must not deter further diagnostic 
evaluation. 
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MR Imaging of the Central 
Pulmonary Arterial Tree in 
Conotruncal Malformation 





Successful MR imaging of the central pulmonary arterial tree was performed in four 
cases of conotruncal malformation and in one case of pulmonary arterial banding. 
Angiography performed near the time of MR imaging in three cases and 15 years earlier 
in two other cases did not visualize the central pulmonary arterial tree. Multiplanar 
imaging was necessary to fully visualize the anatomy of complex congenital defects of 
the pulmonary arterial tree; the choice of imaging plane varied depending on the portion 
of the pulmonary artery to be evaluated. 


Two features in particular make MR useful for evaluating the anatomy of the 
cardiac chambers and great vessels: (1) lack of signal intensity from flowing blood 
(signal. void), which provides excellent contrast between the lumen and the myo- 
cardium or vessel wall, and (2) simultaneous visualization of several or all cardiac 
components on multiple-plane tomographic images. The increasing number of 
reports on the application of gated MR in simple [1-3] and more complex [4-8] 
congenital cardiopathies confirm these advantages. 

We report five cases of MR evaluation of the central pulmonary arterial tree, four 
in congenital cyanotic cardiac defects and one after palliative surgical interventions. 


Materials and Methods 


MR was performed to ascertain the anatomy of the pulmonary arteries in five patients, 


‘four with cardiac defects resulting in severe conotruncal malformation and one with subtotal 


occlusion of a major pulmonary artery branch secondary to pulmonary banding. 

Images were obtained in the body coil of a Picker (Highland Heights, OH) Vista 1000 
resistive 0.15-T imager with a proton-resonance frequency of 6.4 MHz. Cardiac gating was 
accomplished by a triggered data acquisition process in which the R wave initiated a view 
while the R-R time determined the pulse repeat time. A software-selectable time-delay 
parameter permitted imaging to begin at a prescribed point in the cardiac cycle. 

Spin-echo scans were performed with an echo-delay time of 40 msec. Images were 
acquired with’ a multislice technique in which four adjacent 10-mm-thick sections were 
obtained with a time interval of 125 msec between slices (2, 4, 1, 3, Slice order) and a 10- 
msec delay from the R wave of the ECG to the initiation of the pulse sequence. Each image 
used 128 views and four repetitions per view. 


A 


Case Reports 
Case 1 


The-patient, a 38-year-old woman with tetralogy of Fallot, had undergone a left Blalock- 
Taussig shunt procedure at the age of 5 years. At recatheterization, the right ventricular 
infundibulum and main pulmonary trunk were absent. An angiogram in the shunt demonstrated 
a stenosis at the anastomosis and showed the left pulmonary artery only distal to the 
anastomosis. MR was performed to locate the proximal right pulmonary artery, if present 
(Fig. 1). 
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Fig. 1.—Patient 1. Transverse MR images in 
a patient with tetralogy of Fallot with infundibular 
and pulmonary artery atresia. 

Top left, Subaortic ventricular septal defect 
(arrow). 

Top right, Slice 1 cm more craniad shows 
large aortic root (curved arrow) overriding the 
defect and a small remnant of right ventricular 
outflow tract (open arrow). 

More craniad (middle left and middle right), 
neither right ventricular outflow tract nor main 
pulmonary artery is seen. 

Middle left, Small black arrow points to most 
superior aspect of left ventricle. 

Middle right, Remnant of right pulmonary ar- 
tery (large white arrow) is present posterior to 
superior vena Cava. 

Bottom left, At level of aortic arch, distal por- 
tion of Blalock-Taussig shunt connected to upper 
left pulmonary artery is seen (white arrow). 

Bottom right, A large atrial branch of left cir- 
cumflex coronary artery anastomosing with left 
lower lobar pulmonary artery is well demon- 
strated (black arrows). 


Fig. 2.—Patient 2. Tetralogy of Fallot with 
absent left pulmonary artery. 

Top left, Close-up view of chest radiograph 
shows that left apical pleura is thickened and 
scalloped. Several small nodules in outermost 
left lung zones are present (black arrows). 

MR images, top middle (transverse) and top 
right (coronal), depict well the extremely narrow 
infundibular channel (arrows) encircled by thick 
muscular ring. 

In addition, on transverse MR scans, at height 
of pulmonary artery bifurcation (bottom left and 
bottom middle), main and right pulmonary trunks 
are seen, but from left pulmonary artery only a 
peripheral portion could be found (arrow, bottom 
middle). 

Bottom right, Coronal slice shows only hilar 
part of left pulmonary artery (arrow) without its 
proximal segment. Multiple signal-free round 
structures (some marked by arrowheads) in apex 
and subcostal zones of left lung represent nu- 
merous transpleural collaterals to interrupted left 
pulmonary artery. 


Case 2 size, whereas the left pulmonary artery could not be seen. Because 
the chest radiograph (Fig. 2, upper left panel) showed a thickened 

The diagnosis of tetralogy of Fallot with severe infundibular ste- and scalloped left apical pleura with several adjacent small nodular 
nosis was established by angiographic studies in a 24-year-old densities, interruption of the left pulmonary artery with transpleural 


woman. The main and right pulmonary arteries were of adequate collateral blood supply was considered as a possible explanation. For 
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Fig. 3.—Patient 3. Coronal images in antero- 
posterior order in a patient with truncus arterio- 
sus and interrupted aortic arch type B. 

Top left, A large trunk divides into ascending 
aorta (arrow) and into vestigial pulmonary artery 
(curved arrow), but an aortic arch was not dem- 
onstrated. 

Separate close origin of two pulmonary artery 
branches at posterior aspect of pulmonary com- 
ponent is marked by a subtle septum superiorly 
(white arrow, top middle). 

Identical shape and size of two central pul- 
monary arteries are well demonstrated (top right 
and bottom left. Small arrows mark left subcla- 
vian artery (top right and bottom left). 

Large ductus arteriosus (white arrow, bottom 
middle) communicates with left pulmonary artery 
and descending aorta (black arrowheads, bottom 
right). 

Left main coronary artery and its two 
branches reveal the good resolution of MR im- 
ages (black arrow, top middle). Lack of a well- 
developed main pulmonary artery and close ori- 
gin of two major pulmonary artery branches at 
posterior aspect of truncus allow its classifica- 
tion as an intermediate form between types 1 
and 2. 


Fig. 4.—Patient 4. Transverse scans at level 
of great arteries in a patient with a complete 
form of persistent atrioventricular canal with 
banded pulmonary artery. 

A, Small right pulmonary artery (arrow) meas- 
uring 4 mm in width is not in continuity with large 
main pulmonary artery. 

B, 0.7 cm more craniad, constriction of origin 
of left pulmonary artery by band (curved arrow) 
is well seen, but a proximal right pulmonary 
artery is missing. Persistent left superior vena 
cava is marked by arrowhead. 


more information, MR scans were obtained (see Fig. 2), and indeed, 
the absence of the proximal left pulmonary artery was verified. 


Case 3 


Persistent truncus arteriosus with interruption of the aortic arch 
(type B) distal to the left carotid artery was diagnosed in a cyanotic 
female infant at the age of 6 months. However, the anatomy of the 
truncal division and the pulmonary artery branching were not clear 
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on the 16-mm cineangiogram. MR was performed at age 16, and an 
intermediate form between truncus type 1 and 2—the most common 
form [9]—was diagnosed in association with type B interruption of 
the aortic arch (Fig. 3). 


Case 4 


The main pulmonary artery was surgically banded for a left-to-right 
shunt in a 5-month-old boy with severe atrioventricular canal deform- 
ity. At the age of 7 years, during preoperative evaluation, the right 
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pulmonary artery could not be catheterized. After a pulmonary arte- 
riogram showed only a wisp of contrast medium in the right pulmonary 
artery, an MR study was done to show the anatomy and size of the 
right pulmonary artery (Fig. 4), and only a 4-mm-wide distal right 
pulmonary artery was clearly seen. 


Case 5 

In a male infant, diagnosis of a single ventricle and probable 
pulmonary atresia was made. However, the central pulmonary arter- 
les were not seen on the angiocardiograms. MR study when the 
patient was 16 years old led to the definitive diagnosis without the 
need for additional angiocardiograms (Fig. 5). A large vessel that 
originated from the ventral aspect of the proximal descending aorta 
bifurcated into moderately large right and left pulmonary arteries, 
indicating pulmonary artery atresia. Whether this vessel supplying 
the pulmonary artery branches is a ductus arteriosus or a large 
bronchial artery is not clear; thus it is appropriate to call this a 
systemic-pulmonary collateral [10]. The excellent blood flow to the 
pulmonary circulation may be inferred by the sudden decrease in the 
diameter of the aorta to approximately half its diameter immediately 
distal to the origin of the above-mentioned vessel. All other features 
of the complex anatomy were easily seen in the sagittal and coronal 
planes of MR study. 


Discussion 


In all of the patients described above, the pulmonary artery 
and its two major branches were profoundly distorted by 
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Fig. 5.—Patient 5. Two sagittal scans, in plane of left 
hilum (top left) and thoracic aorta (top right), respectively, 
show origin of a large systemic-pulmonary collateral ves- 
sel on anterior aspect of descending aorta (curved arrow, 
top right) and its left branch (long arrow, top left). 

In top left panel, thick black arrow points to entrance 
of common hepatic vein into left portion of single atrium. 

A posterior coronal slice (bottom left) shows sudden 
change in width of right-sided descending aorta (closed 
arrow) and large hilar pulmonary arteries (open arrows). 

1.5 cm more anteriorly, bifurcating systemic-pulmonary 
collateral artery (arrowhead, bottom right) is seen. 

Features of a single atrium and ventricle with one 
atrioventricular valve are well shown in top left, top right, 
and bottom right panels. AA = right aortic arch. 


faulty development or surgical intervention, and the anatomy 
of these great vessels was not satisfactorily demonstrated by 
angiocardiography. Signal void caused by the flowing blood 
results in excellent contrast and gives MR an advantage over 
angiocardiography in situations in which contrast medium 
cannot be delivered in an adequate amount. 

For corrective surgery of congenital heart defects with 
conotruncal malformations, it is of paramount importance to 
know the exact anatomy of the aorta and central pulmonary 
arteries, and detailed angiographic studies immediately before 
surgery are warranted. MR imaging is indicated in patients 
with inconclusive angiographic findings. 

In patient 1 with typical tetralogy of Fallot, atresia of the 
pulmonary artery apparently developed after a left-sided Bla- 
lock-Taussig procedure. The selective shuntogram did not 
opacify either the main or the right pulmonary arteries. MR 
images, however, clearly showed the absence of the right 
ventricular infundibulum and, from the right pulmonary artery 
only, showed the artery’s peripheral minute branches to part 
before entering into the right hilum (Fig. 1, middle right panel). 
The small size of this artery indicates a long-standing de- 
crease of blood flow; this finding together with that of the 
contrast shuntogram precluded surgical intervention. 

In patient 2, the status of the left pulmonary artery not 
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visualized by the right ventriculogram could be evaluated 
either (1) by selective multivessel angiography (left subclavian 
artery branches, bronchial arteries) because of the posteroan- 
terior chest film (Fig. 2, top left panel) indicating the presence 
of collaterals to peripheral pulmonary artery branches or (2) 
by MR scans. We chose MR imaging because of its nonin- 
vasiveness. Only a relatively small hilar portion (less than half 
of the diameter of the left bronchus) was seen (Fig. 2, bottom 
right panel). This MR information was sufficient to cause the 
surgeons to abandon their original intention to perform a graft 
from the main pulmonary artery to its left main branch. During 
the surgery for closure of the ventricular septal defect and 
the infundibular stenosis repair, absence of the entire proximal 
left pulmonary artery was confirmed. 

In patient 4, the distally placed pulmonary artery band did 
not totally occlude the origin of the right pulmonary artery— 
the very faint blush during the pulmonary arteriogram (which 
showed no details) indicates minimal patency of the vessel. 
Therefore, the lack of signal-void in the proximal segment of 
the artery on MR images is compatible with subtotal occlu- 
sion. Even with 7-mm-thick slices, the spatial resolution of 
our MR images is insufficient to show tubular structures of 
very small caliber (the pulmonary artery with a likely diameter 
of less than 1 mm). A few centimeters distal, the 4-mm-wide 
right pulmonary artery, however, is well seen. 

If small pulmonary artery branches are to be shown on MR 
scans, their course is important for selection of the proper 
imaging plane. The nearly horizontal course of the right pul- 
monary artery requires transverse (axial) images (patients 1 
and 4). The hilar portion of the left pulmonary artery (and this 
most likely applies to the right pulmonary artery as well) is 
shown in detail on coronal scans (patient 2). 

Patients 3 and 5 had their first angiographic examination in 
infancy, while the MR imaging was performed 15 years later. 
An initial MR study was chosen on the basis of the difficulties 
of obtaining a good angiocardiographic study in complex 
congenital heart defects in adults with increased pulmonary 
blood flow because of limitations in the total amount and 
volume of contrast medium used for a single angiographic 
study. In retrospect, in patient 5, selective angiogram of the 
systemic-pulmonary arterial collateral would likely have given 
adequate information about the anatomy of pulmonary blood 
supply. However, to obtain the anatomic details provided by 
MR (a single atrium and ventricle with one atrioventricular 
valve, trabeculation of the single ventricle classifying it as a 
primitive right ventricle, and drainage of the inferior vena cava) 
would require numerous, large-volume injections of contrast 
medium. MR provided, in addition to a detailed anatomy of 
the central pulmonary circulation (best seen on coronal and 
sagittal images), all the necessary information about the very 
complex anatomy of the heart. 

in patient 3, the contrast medium probably would have 
obscured the subtle septum separating the orifices of the two 
pulmonary artery branches (Fig. 3, top middle), and the fast 
simultaneous clearance of contrast medium via four large 
channels (ascending aorta, ductus arteriosus, descending 
aorta, and two pulmonary arteries) might have interfered with 
a demonstration of the detailed anatomy. Imaging in coronal 
planes provides the most information in patients with persist- 
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ent truncus arteriosus and interruption of the aortic arch. The 
spatial orientation of the two pulmonary arteries with the 
absence of the aortic arch is well seen, as well as the vascular 
complex of left pulmonary artery—ductus arteriosus—descend- 
ing aorta. The patent ductus arteriosus, which continues with 
the descending aorta, is also visible on the sagittal slices. The 
coronal slices delineate the relationship of the left subclavian 
artery to the descending aorta (Fig. 3, top right and bottom 
left paneis). 

The potential of MR for diagnosis of the various congenital 
heart defects is not fully known. Published data and our 
experience suggest, however, that in complex cardiac defects 
and postsurgical complications, the information gained from 
MR images might not be obtainable by contrast—cine car- 
dioangiograms. This applies particularly to imaging of the 
central pulmonary arterial tree, which may be inaccessible for 
selective catheterization in some cyanotic congenital malfor- 
mations and postsurgical evaluations. These conclusions are 
similar to those reported in a recent publication of MR of the 
great arteries [11]. Although numerous angiograms might 
overcome these difficulties, the toxicity and the amount of 
contrast medium required are always limiting factors. MR 
imaging, therefore, is a valuable method for visualizing the 
central pulmonary arteries in severe congenital cyanotic heart 
diseases. 
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Practice of Coronary Angioplasty. By Thomas Ischinger. New York: Springer-Verlag, 325 pp., 1985. $79 


Now that percutaneous transluminal coronary angioplasty (PTCA) 
has become an accepted procedure in over 350 centers in the United 
States, more than 100,000 coronary angioplasty procedures are 
performed annually. This text is not intended as a substitute for 
hands-on experience. Data document that success rates, complica- 
tions, and procedural times are directly related to the experience of 
the operator. Few interventional procedures require greater technical 
skills than PTCA. 

The volume, divided into 18 chapters, has several contributing 
authors, but the editor is the sole or participating author in 11 of 
these chapters. This is fortunate because his clarity and style are 
superb and his material is well organized. 

Chapter four, “An Evaluation of the Coronary Arteriogram in Selec- 
tion of Patients for Coronary Angioplasty,” treats a topic that is well- 
established and frequently published, but which over the years has 
lost its excitement. The author, however, approaches the subject on 
the basis of the technical difficulties that the angiographer encounters 
during the procedure. He discusses the hazards of repeated manip- 
ulation, unnecessary forceful advancement, and trauma to the vessel 
intima; the inability to predict these technical problems by simple 
analysis of the arteriogram; the risks of iatrogenic side-branch occlu- 
sions; the protective role of coronary collaterals during the dilatation 
procedure; and the measurement of collateral functions, as well as 
other features, integrating the coronary artery anatomy with the 
clinical and technical decisions made at the time of the dilatation. 
Chapter six, “Cardiac Catheterization Laboratory for Coronary Angio- 
plasty,” equally well written, could serve as a model for laboratories 
planning a new installation. The author’s recommend biplane fluoro- 
scopic installation. Although most angiographers would agree with 
this, in Chapter 15, Hartzler claims that single-plane installations are 
quite adequate, even for the most complex of procedures. Differences 
of opinion by the experts is refreshing, which again reinforces the 
importance of “operator experience.” Other superb chapters include 
a review of existing torque-control directional wires, balloons, varying 
profiles in the steerable systems, and guiding catheters. Only two of 


the multiple manufacturers involved in coronary artery PTCA equip- 
ment are discussed, which may be author preference or indicate a 
limited commercial market. Chapter 15, “Complex Coronary Angio- - 
plasty” by Hartzler, short, well-illustrated, and well-detailed, describes 
multiple vessel and lesion dilatations. He believes that multiple-lesion 
coronary angioplasty is now a realistic alternative to multiple-vessel 
bypass surgery in selected patients. Previously the procedure was 
limited to 5% to 10% of the patients undergoing coronary arteriog- 
raphy, but presently, in the author’s experience, 50% of the patients 
undergoing arteriography may now be considered suitable candidates 
for a PTCA procedure. 

Hollman and Ischinger, in their chapter, “The Problem of Re- 
stenosis,” report that, although mortality, morbidity, abrupt occlu- 
sions, dissections, localized hematoma, and additional complications 
have all significantly improved, recurrent stenosis remains the most 
serious barrier to a wider application of the technique. 

The chapter on saphenous vein-graft angioplasty could include a 
more detailed discussion of the pathology for the bypass graft. The 
technical success and long-term results of saphenous vein-graft 
angioplasty will vary depending on the presence of intimal hyperplasia, 
organized thrombus, or vein-graft atherosclerosis. 

| recommend this book as “must reading” for all cardiologists who 
perform invasive procedures. Experienced physicians can compare 
these established techniques and results with their own, and begin- 
ners should commit the text to memory. | also consider the text 
“must reading” for radiologists involved in invasive interventional 
vascular procedures. Sophisticated wire and balloon technology de- 
veloped for the coronary circulation is increasingly being applied by 
vascular radiologists in the peripheral and visceral circulation. Cer- 
tainly the text should be a part of all departmental libraries. 


Mark H. Wholey 
Shadyside Hospital 
Pittsburgh, PA 15232 
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MR Imaging of Pulmonary 
Emboli: An Experimental Study in 
Dogs 





Experimental pulmonary emboli, consisting of tantalum-labeled autologous blood clots 
and barium-labeled 3-mm plastic spheres that did not produce an MR signal, were 
introduced through the femoral vein into each of five dogs. The sensitivity of MR to 
detect autologous clots of known size was assessed, and the size of the clot on MR 
was compared with its actual size. Emboli were localized by using chest radiographs 
made in multiple projections. Cardiac-synchronized MR imaging was performed on a 
0.35-T superconducting magnet and was followed by a "Tc macroaggregated lung 
scan. All 12 blood clots larger than 3 mm, and three of 20 clots less than 3 mm in 


transverse diameter were correctly visualized with MR. Five of the 15 clots seen on MR 


were larger than 150% of the actual size. There were nine false-positive emboli on MR. 
Two of six plastic spheres resulted in an abnormal signal on MR. MR signal from 
pulmonary emboli results from the thrombus itself and probably also from slow blood 
flow proximal to the obstruction. MR may be of. value in detecting pulmonary emboli; 
clinical trials to evaluate its usefulness should be carried out. 


With its inherent contrast resolution between static and flowing blood, MR has 
the potential to image pulmonary emboli noninvasively [1-4]. Rapidly flowing blood 
and lung parenchyma produce almost no MR signal, whereas fresh clot should 
give a strong signal and good contrast with the surrounding lung. At least one 
experimental study and two case reports have demonstrated pulmonary emboli by 
MR [2-4], although not clot length or diameter [1]. 

The cause of the MR findings associated with pulmonary emboli has not been 
determined [5]. If the clot alone causes the signal in the region of the pulmonary 
embolus, the size of the clot detected on MR should be similar to that on 
radiographs. If the size on MR is larger, something other than the clot (e.g., slow 
flow) must be causing the signal. Similarly, if material that does not emit an MR 
signal is placed into the pulmonary arterial circulation and an abnormal signal is 
seen in that region, something in addition to the clot itself, such as slow flow or 
stagnant blood, must be causing the abnormal signal [5-10]. 

In this study, we assessed the sensitivity of MR to detect autologous clots of 
known size in the pulmonary circulation in dogs, and then we compared the size 
of the clot seen on MR to its actual size. We also imaged occluding plastic spheres 
(which produced no in vitro MR signal) in the pulmonary circulation to investigate 
further the cause of the signal produced by pulmonary emboli. 


Methods 


Five adult mongrel dogs weighing approximately 20 kg each were anesthetized with IV 
pentobarbitol (2 mg/kg) and morphine (1 mg/kg). Anesthesia was maintained with pentobar- 
bitol as required. The heart rate of the dogs was maintained between 40 and 100 beats per 
min with IV propanolol (0.5 mg} or atropine (0.5 mg) as required. 

Autologous blood clots labeled with radiopaque tantalum oxide and barium-labeled plastic 
spheres were embolized to the lungs from the femoral vein. Radiographs were obtained in 
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different projections followed by MR and perfusion lung scans. The 
dogs were sacrificed with IV potassium chloride. 


Autologous Blood Clots 


Clots were made by mixing 2.7 ml of freshly drawn blood with 0.3 
mi of aminocaproic acid (EACA 250 mg/ml) to stabilize the clots [2]. 
Approximately 0.1 mi of tantalum oxide was added to the mixture. 
The labeled blood was then allowed to clot in a 5-ml syringe (1 cm 
internal diameter), the tip of which had been cut off. The syringe was 
vigorously agitated until the blood clotted to ensure uniform distri- 
bution of tantalum oxide throughout the clot. 

The in vitro MR signal intensity of the tantalum-labeled clots was 
found to be identical to unlabeled clots (made with 0.7 ml fresh blood 
and 0.3 ml EACA) with a repetition time (TR) of 1 sec and echo-delay 
time (TE) of 28 and 56 msec. The TR of 1 sec was chosen because 
it was the average TR of the cardiac-gated imaging (heart rate 40- 
100/min) used later for the in vivo studies. 


Plastic Spheres 


Two 3-mm plastic spheres labeled with radiopaque barium-impreg- 
nated wires were also injected into each of three dogs through the 
femoral vein. The labeled spheres gave no MR signal under identical 
procedures to those used for imaging the in vitro clots. 


Animal Preparation 


The femoral vein of each dog was then exposed, a venotomy was 
performed, and the clots were injected by inserting the 5-ml syringe 
directly into the vein. The distribution of the clots and spheres was 
directed by placing the lung to be embolized in a dependent position. 
Two clots were embolized to one lung in each of the first two dogs. 
In the next three dogs, two clots were placed in the right lung and 
two plastic spheres were placed in the left lung. After embolization, 
the femoral vein was ligated, and the dog was given 1 mi of EACA 
IV to maintain clot stability. 


Radiographs 


After embolization of the clots and spheres, chest radiographs 
were obtained in the anteroposterior, both oblique, and lateral projec- 
tions. The film tube distance was 4 ft (3.7 m); the cassettes were 
placed immediately under the dog to decrease magnification. 


MR 


MR was performed with a Diasonics superconducting magnet 
system operating at 0.35 Tesla. ECG-synchronization was used for 
all studies. Axial spin-echo images, of 7-mm slice thickness with 3 
mm between slices, were obtained from the lung apex to the lung 
base. Coronal imaging (7-mm slice thickness separated by 3 mm) 
from the spine to the sternum was also performed in three dogs. 
Two echoes were obtained in each sequence (TE) at 28 and 56 
msec. TR was determined by the heart rate because of the use of 
ECG-gating, which varied between 1.5 and 0.5 sec for heart rates 
between 40 and 100 beats/min, gated to every heart beat. 


Perfusion Lung Scans 


Perfusion lung scans were performed on a large-field-of-view scin- 
tilaton camera using 5 mCi (111 MBq) "Tc macroaggregated 
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albumin injected IV. Lung scan images were performed for 500,000 
counts each in the left and right anterior and posterior oblique, 
anterior, posterior, and both lateral projections, for a total of eight 
views. 


Interpretation 


The MR studies were interpreted independently by two observers 
who did not know how many emboli were in each study. They circled 
the sites they interpreted as emboli. The MR findings were correlated 
with the radiographs and lung scans. The position of the clots and 
spheres in the axial and coronal projection was determined by cor- 
relating the various radiographic projections and fixing the position of 
each embolus in an axial view. Each radiograph was divided by 
transverse lines 1 cm apart, and axial projections were reconstructed 
with the embolus position. These projections were compared to the 
MR scan sections (also 1 cm apart). Some allowance was made for 
change in clot position because of the respiratory motion during the 
MR. The position of the clots was related to the dome of the 
diaphragm and to the hila of the lung. Both transverse and longitudinal 
measurements were obtained for all clots on both chest radiograph 
and MR images. For each abnormality noted on the-MR, a corre- 
sponding embolus was looked for on the radiographs and vice versa. 
An embolus identified on MR that corresponded to an embolus on 
the radiographs was classified as a true positive. Abnormalities on 
MR that did not correspond to an embolus on the radiographs were 
classified as false positive. A false negative was an embolus on a 
radiograph not detected on MR. 

The maximum length of the clots on MR was assessed by using a 
computer-generated measurement grid. An abnormality seen on MR 
was only considered larger than the ciot seen on chest radiograph 
when the length was 50% greater than the X-ray size because of (1) 
the inherent decreased spatial resolution of MR, (2) difficulty in 
obtaining accurate measurements of less than 5 mm, and (3) the lack 
of standardization of the television display brightness. All these 
factors have some effect on the size seen on the video display. 

The perfusion scans were used to determine whether sites of 
decreased perfusion corresponded to an embolus. Perfusion defects 
not corresponding to emboli and emboli without perfusion defects 
were also noted. 


Results 


After injection, each clot broke up into multiple smaller clots 
(Table 1, Fig. 1), probably because the tantalum oxide made 
them friable. All clots measured less than 1 cm in transverse 
diameter on radiographs. All the clots fess than 3 mm in 
diameter were peripherally distributed. Half the clots >3 cm 
in diameter were in the midlung. No clots were centrally 
located. All the spheres were located centrally. The transverse 


TABLE 1: Numbers of Clots on Radiographs and MR (True 
Positives) 
LL E a NT eh a EIS So E ESA 


Transverse Diameter No. of Clots 


of Clots on On Radiogra 
: phs 
Radiographs (mm) (Tantalumdabeled) On MR 
3-8 12 123 
<3 20 3: 


a Each observer failed to identify two clots. All clots were seen by at least one observer. 
b Seventeen clots less than 3 mm in transverse diameter were not identified with MR. 
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or smallest diameter of the clot (on radiographs) was used 
for evaluation of clot detection because it represented the 
diameter of the vessel in which the clot had stopped (presum- 
ing all clots to be occlusive). Perfusion defects were noted in 
all regions where clots were localized, suggesting that most 
were occlusive. One large segmental defect was seen that 
did not correspond to a labeled clot. All 12 clots that were 3 
mm or more in transverse diameter were identified by at least 
one observer. Of these 12 clots, two were not identified by 
observer 1, and two separate clots were not identified by 
observer 2. The mean length of clots greater than 3 mm in 
transverse diameter was 17 mm (range 8-40 mm). Of the 20 
clots that were less than 3 mm in transverse diameter, only 
three were identified. These had lengths of 4, 4, and 3 mm, 
respectively (mean, 3 mm). The length of clots not visualized 
ranged betwen 1 and 6 mm, with a mean of 3 mm. Coronal 
images showed only one clot not seen axially and missed 
many clots. 

The maximum length of five of the 15 clots seen by MR 
was more than 150% of the largest measurement on radi- 
ographs. All these were less than 1.1 cm in largest radi- 
ographic measurement. No significant association was ob- 
served between increased MR measurement and increased 


PULMONARY EMBOLUS IN DOGS 





1135 


= . 

7 
. 
- 


Fig. 1.—A, B, Frontal (A) and lateral (B) radio- 
graphs of dog after embolization. Four clots 
shown (arrowheads and arrows). Large saddle 
clot (arrow) measures 5 cm in length and 8 mm 
in transverse diameter. Each smal! clot (arrow- 
head) measured less than 1 cm in length and 3 
mm in transverse diameter. 

C.D, Gated MR images at level of saddle em- 
bolus (dog prone) with TE 28 msec (C) and 56 
msec (D). High-intensity signal (open arrows) 
corresponds to large clot in A. increased relative 
signal intensity of clot on second echo (TE 56 
msec, C) compared with first echo (TE 28 msec, 
D). Smaller clots were not visualized on MR. 

E, Perfusion scan in left lateral projection 
demonstrates large perfusion defect (curved ar- 
row) corresponding to large clot in A. Smaller 
defect at base (arrowhead) corresponds to 
smaller clot in left base (A, B). 


TABLE 2: Relative Intensity of Clots on First-Echo and 
Second-Echo Images 


Second-Echo Intensity Compared 











No. to First-Echo (N) 
Size (mm) Visualized - 
Increased Equal Decreased 
3-8 12 4 6 2 
<3 3 2 1 0 
Total 15 6 7 2 


rrr 


relative signal intensity on the TE 56 msec second-echo 
images. The second-echo intensity was the same or increased 
compared to the first-echo intensity in 13 of 15 clots (87%) 
(Table 2, Fig. 2). 

Two of the six 3-mm plastic spheres were associated with 
abnormal MR signal intensity. The second-echo intensity sig- 
nal of each visualized ball was slightly greater than the first 
echo. In both cases, the length of abnormal signal was more 
than 6 mm in largest MR measurement and, therefore, unlikely 
to result from immediate local effects of balls, which were 3 
mm in diameter. 
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Nine false-positive emboli were identified on the MR studies 
by the two observers (Table 3). False-positive 1, a high- 
intensity linear signal in the right hilum with no associated 
labeled clot, was interpreted as perihilar fat by interpreter 1 
and an embolus by interpreter 2. However, a large perfusion 
scan defect, seen in the corresponding region on the lung 
scan, may have represented an unlabeled clot, possibly an in 
vivo embolus from the femoral vein stump. The remaining 
false-positive abnormalities could not be readily explained. No 
MR parenchymal abnormalities were seen on any scan distal 
to a labeled clot. 


Discussion 


The evaluation of pulmonary emboli by MR should be ideal 
because of the different MR properties of flowing blood, air- 
containing lung, and blood clot [5-9]. Fast, turbulent, or 
disturbed (pulsatile) flow of blood usually does not give an 
MR signal [8, 10]. Although gated MR studies usually have 
no signal in the pulmonary arteries during systole and early 
diastole [5, 6], some signal may be seen during late diastole 
as the rate of flow decreases to a speed at which the 
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Fig. 2—A,B, Gated MR images of dog (prone) 
with TE 28 msec (A) and 56 msec (B) show large 
clot in each lower lobe (arrows). Slightly in- 
creased relative signal intensity seen on second 
echo. 


Stimulated nuclei do not leave the planes of imaging during 
the relaxation phase (less than 10-15 cm/sec) [5]. Normal 
lung parenchyma (predominantly the air in the parenchyma) 
does not normally generate an observable MR signal. 

Fresh blood clot, however, generates a strong signal on 
both T1- and T2-weighted imaging sequences [2]. Compared 
with the lack of surrounding signal (from flowing blood and 
lung), this strong signal provides good contrast on MR. In this 
Study, clots larger than 3 mm in transverse diameter (longi- 
tudinal average, 17 mm) were routinely seen by at least one 
observer despite a 3-mm interslice distance. We believe that 
the interobserver difference may have resulted from inexpe- 
rience, because the clots were easily seen in retrospect. Clots 
smaller than 3 mm were not routinely seen because (1) they 
tended to be more peripheral, and (2) the chance of such a 
small clot being predominantly in the interslice gap was in- 
creased. In the future, these problems may be reduced with 
respiratory gating, thinner sections, and contiguous spacing. 

Further improvements in resolution may result from the use 
of a ECG-triggered permutation imaging sequence (“rotated 
gating’) [10], in which the same slice is obtained during 
different phases of the cardiac cycle [5, 6], a process that 


TABLE 3: False-Positives: Radiographs Compared to Perfusion Defects on Lung Scan, Size of 
Defect on MR, and Intensity of Second Echo (TE 56 msec) Compared to First (TE 28 msec) 


SS a a a a ES oe 





False- 
a Image No. in 
iii Observer Gating Cycle?* 
1 1 1-5 
2 2 3,4 
3 1 2,3 
4 2 3,4 
5 2 1 
6 2 1 
7 2 5 
8 2 1 
9 2 3,4 


Note.—No observers assessed the same area falsely positive. 





Pertusio Intensity of Second Length of 

Defect Echo Compared to Signal 
First (cm) 

Yes? Increased 7 

No Equal 2 

No Equal 1.4 

No Increased 1 

No Increased Le 

No Increased 1 

No Equal 2 

No Decreased 1 

No Increased 1 


* Image number in gating cycle indicates where in cardiac cycle signal occurred; 1 represents early systole and 5 late diastole. 


> Possible unlabeled in vivo clot: see text. 
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helps to differentiate the signal of slowly flowing blood {e.g., 
late diastole) from clot. 

In five of the 15 clots and two of the six plastic spheres, 
the MR signal was too large to be from the embolus alone. 
The signal was probably generated by abnormally slow-flow- 
ing or stagnant blood adjacent to the embolus [8, 9]. In one 
case of multiple small distal emboli in the same vessel, signal 
could be seen in the proximal segmental pulmonary artery. 
Perhaps the actual clots were enlarged because of in vivo 
clot proximal to the clot in an area of stasis. A rotated gating 
sequence [5], which may show some flow in this region, may 
help assess this ambiguity and exclude enlargement of the 
clot. Locai parenchymal edema adjacent to the embolus is 
unlikely because the signal intensity was proximal to the clot, 
had a sharp, smooth margin, and was often tubular in config- 
uration. The nine false-positive emboli (Table 3) were seen 
during all phases of the cardiac cycle and, therefore, could 
not all be explained solely as signal from slow flow. Other 
possible explanations include perihilar or peribronchial fat or 
bronchial mucous plugging [2]. The false positive associated 
with a large perfusion defect (number 1, Table 3) may have 
represented an in vivo thrombus. 

increased intensity on the second echo, which may occur 
from even-echo rephasing and signifies slow flow [9, 10], has 
been used to distinguish true-positive emboli with associated 
slow flow from a false-positive signal unassociated with flow 
abnormalities [2]. Blood clot will-have an absolute second- 
echo intensity less than the first, while flowing blood may 
have an absolute increase in signal intensity on the second 
echo [10]. No differences in second-echo intensities were 
evident between the true and false positives in this study 
(Tables 2 and 3). 

In a previous study [2], Gamsu et al. found fewer false- 
positive clots than our study. However, we had more clots 
and our observers were aware that the clots were small. 
Possibly they were overly alert to small defects. In this study, 
each observer identified 10/12 (83%) true positives as op- 
posed to 63% for each observer in the Gamsu et al. study. 
The false negatives in that study may have been caused by 
the barium wire alone being visualized when a large amount 
of the adherent clot had broken off during the procedure. In 
our study, the clots themselves were labeled throughout with 
tantalum. 

These autologous clots were all freshly formed within 3 hr 
of scanning. Red blood cells are trapped in acute clots, but 
not necessarily in in vivo subacute or chronic clots, where the 
red cells may have lysed, leaving only fibrin and tissue defi- 
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cient in mobile protons. This process would result in the high 
signal intensities noted from the clots in this study, while older 
clots may not be as high in intensity [3]. Thus, MR of human 
pulmonary embolism clots may be dissimilar from the clots in 
this study. 

We have not addressed the problem of differentiating pul- 
monary emboli from abnormal lung parenchyma, where. the 
increased signal from the consolidated area as well as signal 
from slow-flowing blood may decrease contrast between clot 
and abnormal lung [5, 9]. Slow flow in pulmonary hypertension 
may also result in signal in patent vessels throughout the 
cardiac cycle, which may be mistaken for clot without a 
rotating gated imaging sequence [5]. Mucous plugs may also 
give a high-intensity MR signal indistinguishable from blood 
clot [2]. 
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Cardiac Catheterization and Angiography, 3rd ed. Edited by William Grossman. Philadelphia: Lea & Febiger, 


562 pp., 1986. $49.50 


This third edition of a classic teaching textbook is designed to 
instruct physicians who are training to become cardiologists. The 
intent of this book is to provide practical, clear, and concise descrip- 
tions of major techniques currently being used in cardiac catheteri- 
zation and angiography. | think that the authors have succeeded in 
these stated goals. The book is written by 23 authors including one 
radiologist, Sven Paulin. 

The 33 chapters are grouped into seven separate parts. Part | 
deals with the general principles of cardiac catheterization and an- 
giography, including a chapter by Robert Marco and Sven Paulin 
entitled “Angiography: Principles Underlying Proper Utilization of 
Radiologic and Cineangiographic Equipment." Part ll deals with spe- 
cific techniques of cardiac catheterization, including the direct brachial 
approach (which uses a single cutdown in the right antecubital fossa 
from which either a left or right heart catheterization can be per- 
formed) and the seldinger percutaneous femoral artery and vein 
techniques that are more familiar to radiologists. Part III deals with 
basic hemodynamic principles and part IV covers angiographic tech- 
niques, including coronary angiography, cardiac ventriculography, 
pulmonary angiography, and aortography. Part V discusses the meth- 
ods used for evaluating cardiac function, such as dynamic and 
isometric exercise during cardiac catheterization. Part VI provides 
integrated hemodynamic and angiographic profiles of specific disor- 
ders such as valvular and coronary heart disease. The book con- 
cludes with part VII, which discusses specific advanced catheter 
techniques, including coronary angioplasty, percutaneous intraaortic 
balloon insertion, endomyocardial biopsy, pacemakers, and the po- 
tential role of lasers in the cardiac catheterization laboratory. An 


appendix of normal values relevant to cardiac catheterization and 
angiography are provided at the end of the book. 

This well-written book provides a fairly succinct introduction to 
most of the important concepts in cardiac catheterization and angiog- 
raphy. Part IV provides good technical information on performing 
coronary angiography and ventriculography. The technical discussion 
of pulmonary angiography is somewhat brief, and | disagree with the 
position that the brachial approach should be used for pulmonary 
angiography in patients with suspected pulmonary embolism. Part VI 
presents good discussions of patients with a variety of disorders that 
should provide a radiologist with good insight into the total workup 
of a patient with serious heart disease. The chapters in this text that 
are devoted to hemodynamics and evaluation of cardiac function will 
be of little interest to most practicing radiologists, but these chapters 
do cover a lot of material in a clear and concise fashion. 

The quality of the radiographic images throughout the text are 
good. My only complaint is that more images are not provided. The 
graphs and tables provided throughout the text are well done. 

The book reads easily and since it is divided into separate parts, it 
is easy to focus on those items that are of most interest to the reader. 

This book is too specialized for most practicing radiologists. It is a 
book that will be in most hospital libraries, and will be a valuable 
reference book to those radiology residents, fellows, and staff that 
are involved in the art and science of cardiac catheterization and 
angiography. 

John D. Newell II 
University of New Mexico Hospital 
Albuquerque, NM 87131 
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New Cineradiographic 
Methods for Assessment of 
Bjork-Shiley Valve Integrity 





Alan J. Cousin’ The Bjork-Shiley prosthesis has been used extensively for valvular replacement since 
Benigno Soto 1969. Despite its widespread use, it is subject to complications that can be assessed 
- with cineradiography. New methods are presented for assessment of incomplete closing 
and opening angles that occur with valvular malfunction. Alternative methods of cine- 
radiographic measurement are compared with each other and with the new method. The 
new method is an appropriate alternative when the conventional double-profile method 
cannot be used and distributes the burden of performance and complexity between the 
technologist and radiologist. This new method is shown to be accurate to within 1°. 


The Bjork-Shiley prosthesis has been used extensively for valvular replacement 
since its introduction in 1969 [1, 2]. Since that time it has undergone several 
revisions—one of which was to implant a tantalum foil loop in the outflow well of 
the disk. All disks manufactured after late 1975 have this radiopaque loop em- 
bedded in the pyrolytic carbon disk. More recently, the valve has been further 
modified with a convexoconcave design to reduce thrombus formation on the 
outflow side of the disk and to resolve other problems relating to the slow flow 
that occurs in the minor-outflow region of the valve [3]. 

Despite these revisions and its excellent hemodynamic attributes, the Bjork- 
-Shiley valve is still not the ideal cardiac prosthesis. The most frequent complications 
are infected and noninfected paravalvular leakage, valvular dysfunction, and clot 
formation despite adequate anticoagulation [4-12]. Radiographic assessment of 
the Bjork-Shiley valve requires quantitation of base-ring movement as well as disk 
movement. Typically, this is easily accomplished with the valve in the aortic position 
by profiling simultaneously both base ring and disk, obtaining several cineradi- 
ographic frames, and then directly measuring the maximum opening angle. The 
normal value for maximum opening set at the time of manufacture is 60° but in 
vivo these values are often somewhat less than and occasionally more than 60° 
[13]. A new method for determining closing and opening angles is described and 
compared with other methods reported in the literature [13-16]. By appreciating 
the individual attributes of the several methods now available, one can easily 
choose the most appropriate method when confronted with a difficult valve meas- 
urement problem. l 

Received December 2, 1985; accepted after re- 
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Fig. 1.—Schematic drawing and photograph (boxed insert} of Bjork- 
Shiley prosthesis. 
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Fig. 2.-—-Closing angle assessment. 

A, in many cases, base ring can be profiled and edge of tantalum foil 
loop through base ring can be viewed. 

B, When disk reference cannot be clearly seen through base ring, an 
en face view can assess “circularity.” See text (equation 1) for the calcu- 
lation. 
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smaller-diameter circular shadow corresponding to the inter- 
nal border of the valve disk that demarcates the impressed 
central portion from the raised, annular outer portion. The 
disk-ring shadow is produced as a consequence of the radi- 
opaque tantalum foil loop embedded in the pyrolytic carbon 
disk material shown in the diagram in Figure 1. Consequently, 
any random projection will show the valve as two related 
rings that appear elliptical. Two special cases are (1) an en 
face projection in which the appropriate structure will appear 
as a perfect circle and (2) a profile (or tangent) projection in 
which the two rings appear as lines. 


Closing Angle Assessment 


Valve closure can become compromised mechanically by 
thrombus, usually on the low-flow side. For measurement of 
the closing angle, it is often possible to profile the base ring 
(refer to Fig. 2A) and to view the edge of the tantalum foil 
loop through the base ring [13]. 

When the disk reference cannot be clearly seen through 
the base ring, one can use an en face view to assess 
“circularity” as shown in Figure 2B. With an obstruction to 
closure, when the base ring is projected as a circle, the 
radiopaque portion of the disk will appear elliptical. With Bjork- 
Shiley valve in the mitral position and employing the same en 
face view during systole, the maximum and minimum diame- 
ters of the elliptical projection of the tantalum foil loop allow 
computation of the closing angle as: 

b 


cos (closing angle) = me 


(1) 


X 


b- r, tantalum foil loop 


$ 


Fig. 3.—-Errors in opening angle as- 
sessment by en face method. 

A, Anguiation from perfect en face 
projection shortens a to a’. Dimension 
b stays the same, but dimension a 
changes quickly, because cosine func- 
tion is nearing its maximum slope and 
this value should be equal to actuat 
error in degrees from true en face pro- 
jection. 

8, Angulation error is perpendicular 
to error in A. Dimension a stays the 
same, but b decreases by cosine of 
angle from perfect en face projection. 

Bottom drawings, en face appear- 
ance of tantalum foil loop. 


en face projection 
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This method is identical to that of Godwin [13] that was used 
for the opening angle, but here it is applied to quantitate the 
closing angle. One could also obtain an en face projection of 
the disk, measure the “circularity” of the base ring, and obtain 
identical results. 


Opening Angle Assessment 


The simplest method to quantitate the opening angle is to 
obtain a simultaneous profile view of both base ring and disk. 
The maximum opening angie can be readily assessed either 
by direct measurement of the angle or by measurement of 
two sides of the triangle with the opening angle included 
between these two sides and use of a tangent loop-up table 
graph. This angle measurement is independent of the mag- 
nification caused by the variable distance between valve, X- 
ray source, and detector. 

For cases when this double-profile view cannot be obtained, 
Venkataram et al. [14] have described a method that requires 
only a single projection but that uses numerous measure- 
ments of major and minor elliptoid axes and of one angle. 
The resulting equation is complex: 


Opening angle = 6 
= cos (cos ¢ (viabila bA] +b be) (2) 
182 


where ¢ is the angle between the major axes a; and az, and 
@;, b, a2, and be are the major and minor axes of each ellipse, 
respectively. 

A third method by Godwin [13] requires an en face projec- 
tion of the base ring and only two measurements on a single 
view. Although this definitely has the advantage of simplicity, 
highly accurate en faceness is required. For example, if the 
base ring is not projected exactly en face the error can be 
significant. Potential error in this technique can be assessed 
by referring to Figure 3, in which two special cases are shown. 
With 5° as an illustrative error, the first case (Fig. 3A) results 
in the 5° error adding directly, while the second case (Fig. 
3B) results in an error of approximately 0.2°. The general 
case would be an error of orientation intermediate between 
the above two, and consequently, the error should lie between 
0.2° and 5°. These errors can, of course, be measured 
cineradiographically and then used to correct the calculated 
angle, but the method becomes complex. Although not men- 
tioned by Godwin [13], this method also has the advantage 
that it can be used if only the disk can be projected en face; 
then analogous measurements can be made of the base ring 
to provide the opening angle measurement. 

Ail three of the above methods——double profile, Venkatar- 
aman et al. [14] and Godwin [13]—share the advantage that 
only one cineradiographic view is required. However, with the 
exception of the first method in which a simultaneous profile 
of both base ring and disk can be obtained, each has its 
shortcomings as outlined. These limits must be considered in 
the context of the required accuracy and our desired sensitiv- 
ity to changes in the opening angle related to disease. Also, 
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Fig. 4.—Required measurements from cineradiographic frame with base 
ring profiled. 
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Fig. 5.—-Three-dimensional line drawing that shows the measurements 
required for new method. Hatched triangle represents desired plane of 
measurement, which corresponds to orientation used in double-profile 
method whereby opening angle can be measured directly. Two dotted 
triangles correspond to two planes of measurement required for new 
method and are arranged ideally 90° apart. 


the burden of measurement and complexity for the radiologist 
vs the skill required of the technologist in repeatably and 
reliably obtaining perfectly en face views must be evaluated. 
We propose a new method employing two cineradiographic 
views to obtain the maximum opening angle. Specifically, if 
one obtains two different profile views of either the disk or 
the base ring, the resulting equation needed for calculating 
the opening angle is much simpler, and the technoiogist is 
only required to obtain profile views rather than en face views. 
Because this last requirement has a built-in control (i.e., the 
alignment of one edge of a circular structure with the other), 
results should be more repeatable and more accurate. 
Geometrically, the problem is reduced to determining the 
angle between the planes of the two valve components given 
two views at known angles to each other. For the Bjork- 
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Shiley geometry, although the hinge point is not at the edge 
of the radiopaque disk, the valve can still be considered as 
two hinged planes without any change of reference points. If 
one constrains the cineradiographic view such that one of the 
two planes is tangent to the beam (i.e., in profile), the other 
will appear as an ellipse. 

The two required measurements for each view are shown 
in Figure 4. This can be represented equivalently by a three- 
dimensional line drawing as shown in Figure 5. Geometric 
considerations from the two views (along axis 1 and axis 2) 
yield 

Opening angle = tan”! sie ee (3) 
v(Bsin c)? + (Asin cY 


where c is the angle between the two projections that is set 
by the technologist, and a, A, b, and B are the elevation and 
width of the disk in each view, respectively, and need to be 
measured on the appropriate cineradiographic frame as 
shown in Figure 4. 

This equation can be further simplified if the two views can 
be obtained while maintaining the base ring in profile with an 
angle of 90° between the two views. The resulting opening 
angie can then be expressed as 


a+b 
Opening angle = tan’ —-—--—- (4) 
vA? + B? 


Fig. 6.—A, Overalli schema of the 

r TAS A, new method and double-profile 
Ua, po ws method with Bjork-Shiley valve held 
PAE aad, Biel a in maximum opening position. 

B, D, Two views needed for new 
method. Only base ring is in profile; 
note two 90°-reiated views. Meas- 
urements from B and D allow cal- 
culation of opening angle by using 
a simple equation (see equation 4 
in text). One should obtain 60° as 
opening angle after correcting for 
magnification. Magnification cor- 
rection should be used for most 
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Errors related to changes in magnification between the two 
views Can be corrected by normalizing two of the four required 
measurements by the projected base-ring diameter ratio. 
Magnification correction should always be used for most 
accurate results. 


Results 


That the technique can be reduced to practice can be 
demonstrated in several ways. The overall schema of the new 
method and the doubie-profile method is shown in Figure 
6A, with Figure 6C depicting the conventional double-profile 
image. The two views and required measurements are illus- 
trated in Figures 6B and 6D. The series in Figure 7 shows 
use of the new method in an ex vivo environment that results 
in an accuracy of within 1° of the true value. 

sometimes the position of the tantalum loop that overlies 
the base ring will not be visible with a cineangiographic 
projector, but the location of the obscured portion can be 
readily estimated. Alternatively, for more accurate results, 
one can trace the visible portion of the tantalum loop and 
then, invoking symmetry arguments, flip over the paper image 
and align it with the projected image to obtain a continuous 
ellipse that is suitable for measurement. Our experience has 
been that only small errors (less than 1°) are introduced by 
estimating the position of the partially obscured loop. 

Figure 8 illustrates the potential pitfalls of this method as 
applied to a valve located in the aortic position. In the case 
shown, insufficient craniocaudal tilt was applied to obtain the 
desired profile view. Also, the two views must be obtained 
90° apart. The first error is apparent when the cineradiograph 
is viewed and is the source of the small difference in the angle 
computed by our method. The second error requires assur- 
ance from the technologist that the two views were orthogo- 
nal. 


Discussion 


The most straightforward method for obtaining the opening 
and closing angles of a Bjork-Shiley prosthesis is the double- 
profile method. This has the dual advantage of requiring only 
a single-profile view of the various valve components and a 
single geometric calculation or tangent table. 


Fig. 7.—-Ex vivo cineradiographic il- 
lustration of new method. 

A, Double-profile view from which 
the opening angie of 60° can be directly 
measured. 

8, C, Two 90°-related views ob- 
tained with base ring in profile. Re- 
quired measurements are noted, and 
putting these values into a simple 
equation (see equation 4 in text) yields 
a calculated opening angle of 58.4°. By 
using magnification correction as de- 
scribed in Fig. 6, one obtains opening 
angle of 59.1°—-within 1° of the actual 
value. 
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Fig. 8.—In vivo cineradiographic il- 
lustration of new method applied to a 
clinical case with valve in aortic posi- 
tion that shows potential pitfalls. 

A, Double-profile view from which 
opening angle can be directly meas- 
ured. 

B, C, Two views 90° apart with 
measurements yielding (after magnifi- 
cation correction) a computed opening 
angle of 55.4°. Geometric relationships 
partly compensate for varying magnifi- 
cation between the two views, and 
computed angle without magnification 
correction will differ only by 0.04° in 
this example. Base ring in C is not ex- A 
actly in profile; insufficient craniocau- 
dal tilt was applied to obtain desired 
profile view. 
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TABLE 1: Comparison of the Four Methods for Measurement of Opening Angle 


Method 
Double profile 


Advantage 


— 


. Only single view required 
2. Technologist required to 
profile two structures 


3. Direct measurement of the 


angle from one cineradi- 
ographic frame with es- 


sentially no calculations in- 


volved 
Venkataraman et al. [14] 1. Only single view required 
2. Wide range of orientation 
allowed 


Godwin [13] 1. Only single view required 


— 


Cousin (this paper) . Simple calculation 


2. Technologist required only 
to do profile views requir- 


ing straightforward align- 
ment judgment 


Disadvantage Comments 





Not always obtainable, 
particularly when the 
valve is in the mitral 
position and oriented 
cephalocaudad 


Always use if this view is 
obtainable 


Complex calculations 
or table needed 


Burden of expertise 
moved from the skill of 
technologist to a more 
complex cineradi- 
ographic calculation for 
the radiologist 


Errors possible from 
inability to obtain a 
perfect en face view 


Burden of expertise al- 
most entirely on the 
technologist and accu- 
rate results critically de- 
pendent on the ability to 
obtain en face projec- 
tions in real time 


Burden distributed so 
that the technologist 
must obtain two views 
but the resulting calcula- 
tions are considerably 
simplified 


1. For best accuracy, 
correction for mag- 
nification needed 

2. Two separate 
views required, 
ideally 90° apart 


nn ne SEE EEUU EEE NEESER 


When this view cannot be obtained, three alternative ap- 
proaches are now available. The method described by Ven- 
kataraman et al. [14] eases the technologist requirement to 
obtaining a single view depicting the elliptical projection of the 
base ring and foil loop. However, both the number of meas- 
urements and the complexity of the resulting equation in- 
creases for the radiologist. The method described by Godwin 
[13] shifts the burden to the technologist. The necessary 
calculations are quite straightforward, but the accuracy is 
critically dependent on the ability of the technologist to obtain 
an en face projection for cineradiographic analysis. 

In the new method, the burden has been divided between 


radiologist and technologist. The technologist must obtain 
two views (i.e., one additional view), with either the base ring 
in profile in both views or the foil loop in profile in both views. 
Obtaining true single-profile views rather than en face views 
increases accuracy and repeatability. The advantages of the 
proposed technique are that (1) only four easily measured 
distances are required rather than four elliptoid related meas- 
urements plus an angle and (2) the resulting equation is 
considerably simplified. In addition the technologist does not 
need to obtain perfect en face views but only alignment in 
profile, which is easier to accomplish in practice and can be 
confirmed visually (see Fig. 8). The major disadvantage is that 
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two views are required. In our limited experience, we have 
encountered little difficulty in arranging these views to be 
obtained 90° to each other, thus greatly simplifying the re- 
Sultant angle calculation. Of necessity the two views require 
twice as much radiation as other techniques and require the 
technologist to reliably obtain the two views 90° apart. Table 
1 summarizes the advantages and disadvantages of all cur- 
rent techniques. 

Our technique can be used for measurement of the angular 
relation between any two objects that have planar references, 
as can the other techniques. We specifically recommend this 
method for the case when the plane of the mitral prosthesis 
is oriented in a cephalocaudad direction and an effective 
profiling of both base ring and disk is impossible. 
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Rebound Thymic 
Hyperplasia After Treatment 
of Cushing’s Syndrome 





Rebound thymic hyperplasia has been described in children and young adults after 
recovery from stress. Similar thymic enlargement has been observed in patients after 
remission of Cushing’s syndrome. In one patient successfully treated for ectopic adre- 
nocorticotropic hormone (ACTH) syndrome by resection of a bronchial carcinoid with a 
hilar metastasis, the postoperative enlarging mediastinal mass suggested recurrent 
tumor. In another patient treated for an undetected ectopic ACTH source by a cortisol 
antagonist, the enlarging thymus could be confused with a thymic carcinoid. The typical 
thymic appearance on CT and the chronologic relation to declining cortisol levels should 
prevent such diagnostic errors. 


Thymic enlargement after recovery from stress (e.g., burns [1], cardiac surgery 
[2], chemotherapy [3-7]) has been reported most often in children and adolescents. 
The mechanism is thymic depletion resulting from high plasma glucocorticoid 
concentrations [8], followed by rebound thymic hyperplasia when cortisol levels 
drop [9]. 

Cushing's syndrome occurs frequently in young adults and occasionally in 
adolescents. As residual thymic tissue may be demonstrated by CT in normal 
persons up to 40 years old [10-13], rebound enlargement might be anticipated in 
Cushing’s patients when cortisol levels drop after resection of either an adrenal 
adenoma that produces cortisol or a pituitary adenoma that secretes adrenocorti- 
cotropic hormone (ACTH). When hypercortisolism results from ectopic ACTH 
production by a carcinoid tumor of the lung or mediastinum, the appearance of a 
mediastinal mass after surgery may incorrectly suggest recurrence. In addition, 
new glucocorticoid antagonists [14], such as RU 486, are being used to control 
the systemic manifestations of hypercortisolism in patients with ectopic ACTH 
syndrome when the occult source of ACTH cannot be found. An enlarging thymus 
associated with this therapy could be confused with a mediastinal carcinoid. Findling 
and Tyrrell [15] have recently reported the surgical removal of a “paradoxically 
enlarged but normal thymus” in a patient with ectopic ACTH syndrome. 

We present three examples of rebound thymic hyperplasia. One patient had 
classic Cushing’s disease responding to transsphenoidal resection of an ACTH- 
secreting pituitary microadenoma. The other two patients had ectopic ACTH 
syndrome, in one case resulting from a bronchial carcinoid (successfully resected), 
and in the second case resulting from an occult source of ACTH but responding to 
a glucocorticoid antagonist. 


Case Reports 
Case T 


A 15-year-old boy was referred with the diagnosis of hypercortisolism. High-dose dexa- 
methasone suppression and elevated ACTH levels suggested classic Cushing’s disease due 
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to an ACTH-secreting pituitary adenoma. Thin-section enhanced 
coronal CT of the pituitary gland was negative, but petrosal sinus 
sampling diagnosed and lateralized an ACTH-producing microade- 
noma in the right lobe of the pituitary. The adenoma was successfully 
resected. 

CT of the chest preoperatively had demonstrated a widened fat- 
filled anterior mediastinum containing a small thymic remnant (Fig. 
1A). Three months after surgery, follow-up CT demonstrated a large 
anterior mediastinal mass (Fig. 1B). The patient has remained nor- 
mocortisolemic for 2 years; no further follow-up of the CT findings 
has been performed. 


Case 2 


A 27-year-old woman with classic Cushing's features, hyperplastic 
adrenal glands, and elevated serum ACTH levels underwent trans- 
sphenoidal exploration of the pituitary gland. When no microadenoma 
was found, she was referred to National Institutes of Health for 
further diagnostic studies. The absence of elevated ACTH levels in 
either petrosal sinus before and after stimulation with corticotrophic 
releasing hormone established the diagnosis of ectopic ACTH syn- 
drome. 

A chest film was negative; pulmonary CT showed a small mass in 
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the right lower lobe compatible with a bronchial carcinoid. The anterior 
mediastinum was widened by fatty infiltration and contained no 
detectable thymic remnant (Fig. 2A). At thoracotomy, a bronchial 
carcinoid tumor and a single right hilar node containing microscopic 
metastases were removed. Clinical features of Cushing’s syndrome 
gradually receded and pituitary-adrenal function became normal. 

Because of the metastatic hilar node, serial CT examinations of 
the chest were performed after the thoracotomy. Mediastinal lipo- 
matosis regressed, but an anterior mediastinal mass appeared whose 
configuration resembled thymus. The follow-up studies 6 months 
later (Fig. 2B) have shown progressive thymic hyperplasia. All studies 
of pituitary adrenal function remain normal. 


Case 3 


A 35-year-old man presented with severe Cushing's syndrome and 
elevated peripheral ACTH levels. Petrosal sinus sampling revealed 
no ACTH gradients, confirming the clinical suspicion of ectopic ACTH 
production. A meticulous search, including CT of the chest and 
abdomen and wide-ranging venous sampling, failed to detect the 
ectopic ACTH source. Therapy with glucocorticoid antagonist RU 
486 was started. The patient responded dramatically; all Cushing’s 


Fig. 1.—A, CT before surgery reveals wid- 
ened fat-filled mediastinum with small residual 
thymic gland (arrows). 

B, 3 months after successful pituitary surgery, 
mediastinal lipomatosis reduced but soft-tissue 
anterior mediastinal mass has enlarged (ar- 
rows). 


Fig. 2.—A, Before surgery, no thymic remnant 
seen in widened fat-filled mediastinum. 

B, 6 months after surgery, regression of me- 
diastinal lipomatosis and enlarged thymic mass. 
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Fig. 3.—A, CT before glucocorticoid antago- 
nist therapy. d 
B, CT 3 months after glucocorticoid antagonist 
therapy reveals reduction of mediastinal li- 
pomatosis and appearance of thymus (arrows). 


A 


features disappeared. Pulmonary CT before (Fig. 3A) and 3 months 
after (Fig. 3B) start of therapy revealed decrease of mediastinal fat 
and the appearance of a triangular soft-tissue density in the anterior 
mediastinum, compatible with thymic hyperplasia. 


Discussion 


Cortisol levels drop precipitously after resection of a corti- 
sol-producing adrenal or an ACTH-producing pituitary ade- 
noma. A period of relative adrenal insufficiency follows. Post- 
operative replacement steroid therapy is provided routinely, 
but the abrupt decline from elevated levels physiologically 
resembles the termination of stress associated with recovery 
from chemotherapy, burns, and so forth. Rebound hyperpla- 
sia of the thymus can be anticipated and poses no diagnostic 
problem unless the process is not recognized. Cohen et al. 
[3] performed two thoracotomies because of mediastinal 
widening after chemotherapy for childhood malignancies. 
Once they appreciated the phenomenon of thymic rebound 
after chemotherapy, they followed five subsequent patients 
conservatively. Thymic hyperplasia after chemotherapy for 
Hodgkin's disease has been reported [4-6]. Several authors 
accounted for the phenomenon as an immunologic response 
of T cells although all patients had received steroids as part 
of a chemotherapy protocol or for drug-induced pulmonary 
toxicity. 

The size and configuration of a normal thymus on CT 
examination has been extensively described according to age 
categories [10-13]. Once one is familiar with the normal 
variation in the CT appearance of the thymus and aware that 
an abrupt decline in serum cortisol levels from any cause can 
lead to thymic hyperplasia, this phenomenon should be rec- 
ognized and permit a conservative approach of follow-up 
examinations. Without serial studies, we cannot describe the 
chronological course of rebound thymic hyperplasia. In our 
cases and in those reported in the literature, thymic enlarge- 
ment has been seen as early as 3-4 weeks after reduction of 
cortisol levels and has persisted for several months. In patient 
2, thymic enlargement has persisted for 6 months. Regression 
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is anticipated, but the time course is unknown. Serial CTs do 
not seem indicated in this benign physiologic phenomenon. 


REFERENCES 


1. Gelfand DW, Goldman AS, Law AJ. Thymic hyperplasia in chil- 
dren recovering from thermal burns. J Trauma 1972;12:813-817 
2. Rizk G, Cuteo L, Amplatz K. Rebound enlargement of the thymus 
after successful corrective surgery for transformation of the great 
vessels. AJR 1972;116:528-530 
3. Cohen M, Hill CA, Cangir A, Sullivan MP. Thymic rebound after 
treatment of childhood tumors. AJR 1980;135:151-156 
4. Shin MS, Kang-Jey H. Diffuse thymic hyperplasia following 
chemotherapy for nodular sclerosis Hodgkin's disease. Cancer 
1983;51: 30-33 
5. Grissom JR, Durant JR, Whitley RJ, Flint A. Thymic hyperplasia 
in a case of Hodgkin's disease. Southern Med J 1983;76:1189- 
1192 
6. Carmosina L, Di Benedetta A, Feffer S. Thymic hyperplasia 
following successful chemotherapy: a report of 2 cases and 
review of the literature. Cancer 1985;56: 1526-1528 
7. Woodhead PJ. Thymic enlargement following chemotherapy. Br 
J Radiol 1984;57: 932-934 
8. Caffey J, Di Liberti C. Acute atrophy of the thymus induced by 
adrenocorticosteroids: observed roentgenographically in living 
human infants. AJR 1969;82:530-540 
9. Caffey J, Sibley R. Results in overgrowth of the thymus after 
atrophy induced by oral administration of cortical steroids in 
human infants. Pediatrics 1960;26:762-770 
10. Heiberg E, Wolverson MK, Sundaram N, Nouri S. Normal thymus 
characteristics in subjects under 20. AJR 1982;138:491-494 
11. Baron RL, Lee JKT, Sagel SS, Peterson RR. Computed tomog- 
raphy of the normal thymus. Radiology 1982;142:121-124 
12. Moore AV, Korobkin M, Olanow W, et al. Age related changes 
in thymus gland: CT pathologic correlation. AJR 1983;141:241- 
246 
13. Francis JR, Glazer GM, Bookstein FL, Gross BH. The thymus: 
reexamination of age-related changes in size and shape. AJR 
1985;145: 249-254 
14. Nieman LK, Chrousos GP, Kellner C, et al. Successful treatment 
of Cushing’s syndrome with the glucocorticoid antagonist RU 
486. J Clin Endocrinol Metab 1985;61:536-540 
15. Findling JW, Tyrrell JP. Occult ectopic secretion of corticotropin. 
Arch Intern Med 1986;146:929-933 


1148 


Book 
Review 





Atlas of Two-Dimensional Echocardiography in Congenital Cardiac Defects. By G. J. Van Mill, A. J. Moulaert, 
and E. Harrick. Dordrecht, The Netherlands: Martinus Nyhoff Publishers, 143 pp., 1985. $29.50, soft cover 


Van Mill, Moulaert, and Harrick have put together in 14 chapters, 
along with still frames and illustrations, an atlas of a large number of 
congenital heart defects. An introductory section reviews the basic 
views used in their laboratory and offers clear explanations of dia- 
grams used along with photographs of various sector images. The 
illustrations, which are clear and concise, are designed to illustrate 
not only the defect but the orientation of the transducer beam to the 
heart and chest. 

The text describes various orientations and anatomy concisely and 
lends itself well to the illustration and photographs. The book is 
divided into sections on major congenital heart defects (e.g., ventric- 
ular septal defect, atrial septal defect). Descriptions in each group 
are excellent along with classifications of various abnormalities. The 
book progresses from the simple to the more complex lesions, ending 
with the criss-cross heart. The authors do not go into great depth 
with more complex anatomy but offer a basic approach and recog- 
nition that should be helpful to most technicians and clinicians. Several 


illustrations of contrast echocardiography are also offered along with 
clear illustrations of the images. 

Criticisms of this book are few. One major problem is that the text 
and illustrations are often separated by several pages, which makes 
searching for specific explanation of technique or view somewhat 
tedious. Some of the photographs include catheters crossing some 
defects, which tends to be distracting. Most photographs are excel- 
lent. There will always be some difficulty in transferring that which 
one sees in a still image to that seen in real-time. It would be helpful 
if someone would produce a video atlas of congenital heart defects. 

Overall, this book offers a very competent and straight-forward 
approach to the two-dimensional echocardiographic image. | recom- 
mend it to technicians and clinicians alike who are involved in the 
diagnosis of congenital heart disease in children. 

James W. Wiggins, Jr. 
University of Colorado Health Sciences Center 
Denver, CO 80262 
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Baseline Screening 
Mammography: One vs Two 
Views per Breast 





To compare the advantages of one-view vs two-view mammography screening, films 
were reviewed for 2500 consecutive asymptomatic women undergoing baseline mam- 
mography. To provide screening at low cost, examinations were limited to two radio- 
graphs per breast, one each in the craniocaudal and mediolateral oblique projections, 
with the understanding that those few patients with detected abnormalities would require 
additional mammograms, taken with an individually directed, problem-solving approach, 
at considerably higher cost. Two separate interpretations were made of each case, one 
using only the oblique projection images, the other using both oblique and craniocaudai 
views. Two-view interpretations not only identified more cancers than one-view readings 
(27 vs 25), they also required fewer additional mammograms to evaluate potential 
abnormalities (179 vs 642, 7% vs 26%). These advantages outweigh the additional 
radiation risk and added cost. Baseline screening mammography should be done with 
two views per breast. 


Aithough still grossly underused, mammography screening is being done with 
increasing frequency. Also gaining in popularity is the concept of high-volume, 
streamlined screening at low cost [1-5]. Among the various methods suggested 
to reduce costs is the practice of imaging each breast with one rather than two 
standard projections [6-8]. This approach certainly will halve the cost of X-ray film, 
and it may also increase patient throughput and reduce interpretation time. In 
addition, despite the negligible difference in oncogenic risk [9, 10], mammography 
at half the radiation dose might weil increase patient compliance [11, 12]. 

Among known mammography projections, it is generally recognized that the 
mediolateral oblique view, when properly performed, will image the greatest amount 
of breast tissue, especially the deepest part of the breast in the axillary tail region 
of the upper outer quadrant [6, 10, 13, 14]. For this reason, and also because of 
cost considerations, several large-scale mammography screening programs were 
begun that used only oblique views of each breast [6-8, 15]. 

However, the adequacy of this approach has been questioned by several authors, 
including some who are actively involved in one-view screening programs, primarily 
on the grounds that no single projection will identify all mammographically detect- 
able cancers [14, 16-21]. Further objections have been raised because one-view 
screening may be more likely than two-view examination to result in requests for 
additional images to further characterize possible abnormalities [20-22]. The 
present study was designed to evaluate the differences between one- and two- 
view baseline screening examinations with respect to the frequency of call-back 
studies, the number of biopsies, and the cancers detected. 


Subjects and Methods 


The study population consisted of 2500 consecutive asymptomatic women undergoing 
mammography screening for the first time. The methods used in our screening program 
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already have been reported in detail [4]; the emphasis is on producing 
excellent studies at low cost. Since the aim of screening is to detect 
unsuspected abnormalities rather than to characterize them fully, we 
Streamline the imaging procedure to involve only two screen-film 
images of each breast, in mediolateral-oblique and craniocaudal pro- 
jection. We also limit interpretation to two diagnoses, normal and 
abnormal, with the understanding that only a small percentage of 
examinations will be abnormal and therefore require additional imag- 
ing studies, at considerably higher cost. This overall approach pro- 
vides high-quality mammography to a large number of asymptomatic 
women at less than one-third the price of an individually directed, 
problem-solving examination. 

To investigate the full impact of screening with one rather than two 
Standard views of each breast, a radiologist experienced in blinded 
image interpretation studies read each examination twice, first using 
only the oblique projection images, and then using both oblique and 
craniocaudal views. In this way it was possible to assess the differ- 


TABLE 1: Results of Baseline Screening Mammography in 2500 
Asymptomatic Women 


SS SS a E 








Reading 
Results One View Two 
per Breast Migs 
per Breast 
Abnormal interpretations 642 179 
Mammography-generated biopsies 76 83 
Mammography-detected cancers 25 27 
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ences in frequency of abnormal interpretation of one- and two-view- 
per-breast examinations and, therefore, the effects of single-view 
screening on the number of immediate call-backs for more complete 
mammography, the number of mammography-generated biopsies, 
and the number of mammography-detected cancers. 


Results 


Single-view baseline screening resulted in more than 3¥2 
times the abnormal interpretations of two-view studies, with 
Superimpositions accounting for the bulk of the abnormal 
cases (see Table 1). Most commonly, overlapping normal 
breast structures simulated masses on the oblique view, as 
illustrated in Figure 1. Less frequently, several isolated tiny 
calcific particles projected so close to one another on oblique 
view as to simulate a cluster of microcalcifications. In both of 
these circumstances, the additional perspective provided by 
a craniocaudal view was sufficient to eliminate any suspicion 
of malignancy, so that the standard two-view-per-breast ex- 
amination was interpreted as normal. Another situation 
prompting abnormal interpretations on single-view examina- 
tions involved clustered calcifications in the skin that projected 
over fibroglandular tissues on the oblique view (Fig. 2). Dem- 
onstration of the true dermal location of the calcifications on 
a corresponding craniocaudal view permitted the two-view 
examination to be read as normal. 

The additional information contained in craniocaudal projec- 
tion images also generated some abnormal interpretations 


Fig. 1.—A, Mediolateral oblique projection mammogram appears to show irregular, 
ill-defined mass in upper portion. This finding, not seen in opposite breast, would have 
been interpreted as abnormal on single-view screening. 

B, Craniocaudal (CC) projection mammogram shows only vague areas of slightly 
increased density in outer portion of breast. Superimposition of several areas accounts 
for “mass” seen on oblique view. Two-view examination interpreted as normal. 
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Fig. 2.—A, Mediolateral oblique projection 
mammogram shows cluster of tiny calcifica- 
tions (arrow), apparently in retroareolar lo- 
cation. This finding also would have been 
interpreted as abnormal on single-view 
screening. 

B, Photographic enlargement of area of 
interest shown in A. 

C, Photographic enlargement of part of 
craniocaudal projection mammogram shows 
calcifications in superficial location (arrow) 
that establishes them as dermal deposits, a 
clearly benign mammographic finding. Two- 
view examination interpreted as normal. 


that would not have been made based on single-oblique-view 
examinations alone. Occasionally an abnormality was seen 
only on craniocaudal view, either because it was located too 
far medially in the breast to be included on the oblique view, 
or because overlapping dense fibroglandular tissues obscured 
enough of the margins of a suspicious mass on the oblique 
projection image to prevent its detection. This resulted in 
seven biopsies that could be attributed solely to use of the 
craniocaudal view; two of these uncovered nonpalpable can- 
cers (Table 1). 


Discussion 


It might be argued that, by halving the number of standard 
exposures with one-view screening, the proportionate reduc- 
tion in radiation dose would encourage more patients and 
physicians to comply with mammography screening guide- 
lines. However, viewed in the light of current low doses, the 
potential oncogenic risk of two-view examination is negligible 
[9, 10]. Therefore, patients who avoid mammography be- 
cause of the ionizing radiation do so either because they lack 
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knowledge of risks and benefits or because they fear radiation 
at any dose. Since neither of these obstacles would be 
overcome by further reducing a dose that already is very low, 
it is unlikely that single-view screening would meet with a 
substantially greater degree of compliance than current two- 
view examinations. For this reason, we have discounted 
considerations of radiation dose in assessing the relative 
merits of one- and two-view screening. 

Our study reconfirms that two-view screening detects a 
slightly larger number of breast cancers than one-view ex- 
aminations [14, 16-21]. No single mammographic projection 
portrays all of the tissues within the breast, so that the 
addition of a craniocaudal view to the mediolateral oblique 
view provides greater imaging coverage as well as a different 
perspective for observation. The resulting increase in lesion 
detection generates more biopsies and, thus, discovers more 
breast cancers. The price of several extra biopsies to detect 
a few additional cancers (seven biopsies for two cancers in 
our study) is one that traditionally has been accepted on the 
basis of both economic and social costs. 

A large number of the abnormal interpretations from base- 
line mammography screening do not represent true lesions 
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detected [6, 8, 15, 22, 23]. Most management decisions, 
such as whether or not to biopsy, require more information 
than is provided by standard mammograms from either one- 
or two-view examinations, especially for the small and often 
subtle findings identified on screening. Only after more thor- 
ough characterization by additional imaging studies are some 
screening-detected abnormalities found to be clinically signif- 
icant lesions. For this reason, single-view screening can result 
in many more abnormal interpretations, while two-view ex- 
aminations actually generate more biopsies (Table 1). 

The data collected in this study permit assessment of the 
relative dollar costs of one- and two-view mammography 
screening. Clearly, the operating expenses for one-view ex- 
aminations are lower, by approximately $2.17 per patient, as 
summarized in Table 2. Not only are expendable supplies 
used up less rapidly, but there also is reduced wear and tear 
on fixed equipment, resulting in decreased costs for repairs 
and longer life in service. In addition, one-view examinations 
can be interpreted more rapidly than two-view studies be- 
cause fewer films are read. Analysis of a consecutive series 
of 500 of our cases indicated a 40% reduction in interpretation 
time for one-view examinations. On the basis of our current 
$5 charge for reading two-view examinations, this could result 
in further savings of $2 per patient for one-view screening. 
One final consideration in assessing the cost savings of one- 
view examinations is the potential for increased patient 
throughput because fewer exposures are taken. However, 
most mammography screening programs manage patient 
flow efficiently by using two separate work stations, one for 
reception, the other for imaging. As a result, reduction in 
imaging time alone would not effectively increase throughput 
unless patient volume were high enough to justify twice as 
many work stations for reception as for imaging. Such an 
approach would require examining at least 80-100 patients 
per day, a volume that rarely is achieved in the United States. 
In summary, a realistic estimate of the total cost savings for 
one-view mammography screening amounts to approximately 
$4.17 per patient. 

Weighed against these savings are the additional costs for 


follow-up imaging examinations generated by the increased: 


number of abnormal interpretations resulting from one-view 
screening [20-23]. Our study clearly shows the magnitude of 
this problem, indicating that 19% more patients undergoing 


TABLE 2: Estimated Savings in Operating Expenses for One- 
View (vs Two-View) Mammography Screening 





Savings 
Operating Expense per 

Patient 
X-ray film $1.30 
Screens O01 
Cassettes .01 
Film processor and chemicals 12 
Mammography unit 73 
Total $2.17 





Note.--Estimates of cost savings are based on actual experience whenever appropriate. 
Detailed expianation of these estimates will be provided by authors on request. 
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single-view (vs two-view) screening would require additional 
images to further characterize possible abnormalities. Assum- 
ing a charge of $100 for such additional problem-solving 
examinations, this would result in an average increase in cost 
of $19 per patient screened, more than four times the amount 
potentially saved by decreased operating expenses and inter- 
pretation fees. One-view mammography screening does not 
achieve substantial cost savings over two-view examinations, 
but rather proves to be more expensive. 

The dollar costs calculated in our study apply primarily to 
low-cost screening programs patterned on the University of 
California San Francisco modei [4]. However, geographic, 
economic, and political conditions in the United States vary 
sufficiently among communities to require different types of 
screening programs in many circumstances [2, 5]. As a result, 
the cost differentials between one- and two-view screening 
for such programs probably will not be the same as those 
reported here. However, our study shows that the cost ex- 
cess for the additional call-back examinations generated by 
single-view screening is more than four times the concomitant 
cost saving resulting from decreased operating expenses and 
reduced interpretation fees. The sheer magnitude of this 
differential argues strongly that for any type of American 
screening program the overall cost of two-view examinations 
will be less than that of single-view screening. For this reason 
and because a few more early breast cancers will be detected, 
we recommend that baseline mammography screening be 
done by using two, not one, standard views per breast. 

This recommendation applies only to the initial screening 
examination, and not to subsequent annual or biennial screen- 
ings. Many of the abnormal interpretations made on baseline 
examination will not be repeated on subsequent screenings 
(7, 24, 25], either because the abnormality will have been 
removed by biopsy or because the cail-back examination 
generated by baseline screening will have shown the abnor- 
mality to be clinically insignificant. As a result, it may be 
appropriate to conduct follow-up screenings with single-view 
examinations, at least for women with fatty breasts [26, 27]. 
We pian to address this issue in a future study. 
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The Retroperitoneal Spaces Revisited 


Wylie J. Dodds,’ Reda M. A. Darweesh,* Thomas L. Lawson,’ Edward T. Stewart,’ W. Dennis Foley,’ Soad M. 


A. Kishk,' and Michael Hollwarth* 


Although progress has been made toward understanding 
retroperitoneal anatomy [1-5], it is still difficult to reconcile 
certain abdominal CT findings with prevailing concepts about 
the developmental and adult anatomy of the retroperitoneal 
spaces. Our aims here are to (1) review current concepts 
about the compartmental anatomy of the retroperitoneum, (2) 
present CT findings that are difficult to explain on the basis 
of current notions about the retroperitoneal spaces, and (3) 
propose a hypothesis that may help clarify the developmental 
and subsequent anatomic divisions of the retroperitoneum. 


Background 


Until recent years, despite detailed anatomic studies by 
Gerota [6], Tobin [7], and others [8-11], the boundaries and 
compartments of the retroperitoneum remained vague and 
controversial. During the past two decades, however, efforts 
spearheaded by the work of Meyers and Whalen [1-3] led to 
an enhanced understanding of retroperitoneal anatomy as 
well as the distribution and spread of retroperitoneal disease 
processes [12-16]. The prevalent current notion (Fig. 1) 
suggests that the retroperitoneum is divided into three com- 
partments by the renal fasciae [1-5, 17-19]. 

The renal fasciae (Gerota’s fasciae) develop as a discrete 
anterior layer (Zukerkandl’s fascia) and posterior layer (Toldt’s 
fascia) [6, 7]. These two layers are thought to fuse behind 
the ascending or descending colon, respectively, to form a 
single lateroconal fascia [1, 9] that blends in the flank with 
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the peritoneal reflection that forms the paracolic gutter (Fig. 
1B). The fused fasciae are thought to extend to the diaphragm 
(Fig. 1C). Lateral fusion of the renal fasciae forms an inverted 
hemicone of connective tissue that encompasses the kidney 
and adrenal gland. The lateroconal fascia is described as 
descending in the coronal plane to the level of the iliac fossa 
(1, 2, 9]. 

The following divisions have been suggested: (1) The an- 
terior pararenal space lies between the posterior parietal 
peritoneum and the anterior renal fascia, and is bound laterally 
by the lateroconal fascia. This space contains alimentary 
structures (j.e., pancreas, duodenum, and retroperitoneal por- 
tions of the colon). (2) The perirenal space, enclosed by the 
anterior and posterior renal fascia, contains the kidney and 
adrenal gland. (3) The posterior pararenal space extends from 
the posterior renal fascia to the transversalis fascia and is 
continuous, external to the lateroconal fascia with the pro- 
peritoneal fat stripe in the flank. This space does not contain 
any organs. (4) Above the kidney, the anterior pararenal space 
may extend cephalad to the bare area of the liver (Fig. 1C), 
while the posterior pararenal space projects higher on the 
diaphragm. (5) Below the free, caudal margin of the latero- 
conal fascia, the anterior and posterior pararenal spaces 
communicate with one another in the iliac fossa (Fig. 1C). 


Analysis of CT Case Material 


Certain findings from our clinical experience with 7000 
abdominal CT examinations do not seem to fit current con- 
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cepts about compartmental retroperitoneal anatomy, partic- 
ularly as it applies to the “anterior pararenal space.” For 
example, ascites commonly extends posterolaterally in the 
paracolic gutter to reach the meridian of the kidney or farther 
posteriorly. Ascitic fluid may extend dorsally in several pat- 
terns including a rounded, spikelike, or fork-tailed projection 
(Fig. 2). These patterns are difficult to explain by the conven- 
tional retroperitoneal anatomy shown in Figure 1B. 

The spleen commonly extends posterolateral to the left 
kidney, while the liver does so occasionally on the right. These 
observations indicate that the lateral recess of the intraperi- 
toneal cavity may extend posterior to the kidney. Additionally, 
other intraabdominal organs, such as the colonic flexures or 
small-bowel loops, may be located posterolateral to the kid- 
ney. These findings seem to differ substantially from the 
notion that a lateroconal renal fascia extends anterolateral to 
the kidney. 

In some instances, fluid within the compartment called the 
“anterior pararenal space” does not conform to current con- 
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Fig. 1.—Schematic of retroperitoneal spaces 
based on current concept of retroperitoneal 
anatomy [1-5]. K = kidney; PM = psoas muscle. 
Anterior renal fascia (dashed) and posterior 
renal fascia (dotted) join to form lateroconel fas- 
cia (dot-dashed). These fasciae divided retro- 
peritoneum into (1) anterior pararenal space that 
contains duodenum, pancreas, and right and left 
colon; (2) perirenal space that contains kidney 
and adrenal; and (3) posterior pararenal space 

Transversalis that contains fat. 

fascia A, Axial section of pancreas. 

B, Axial section of left upper quadrant just 
caudal to pancreatic tail. Anterior pararenal 
space is subtended ventrally by posterior peri- 
toneum and dorsolaterally by anterior renal fas- 
cia and lateroconal fascia. Posterior pararenal 
space is demarcated ventrally by posterior para- 
renal fascia and lateroconal fascia, and dorso- 
laterally by transversalis fascia. 

Cecum C, Parasagittal section through right kidney. 
Bare area of liver is in continuity with anterior 
pararenal space. Posterior pararenal space com- 
municates with anterior pararenal space in iliac 
fossa, below perirenal space. 


Duodenum 


Ant. renal fascia 


Fig. 2.—Ascites level of left kidney has fork- 
tailed, or wishbone, configuration. 


Fig. 3.—Peripancreatic fluid in patient with 
acute pancreatitis appears to be in “anterior 
pararenal space,” but extends posterolateral to 
kidney (arrow) without involving fat-containing 
posterior pararenal space. 


cepts about the anatomic boundaries of the retroperitoneal 
spaces. For instance, extrapancreatic fluid in the left anterior 
pararenal space may appear to break into the posterior para- 
renal space and track behind the kidney while sparing the fat 
layer that is in the posterior pararenal space (Fig. 3). This 
pattern, which we observed in 10 patients with pancreatitis, 
is not explained adequately by the retroperitoneal anatomy 
depicted in Figure 1. 

Peripancreatic fluid in the left anterior pararenal space tends 
to localize in the immediate vicinity of the pancreas without 
involving the retroperitoneal colon or extending below the 
level of the transverse mesocolon. Even large inflammatory 
fluid collections within the anterior pararenal space may spare 
the fat layer surrounding the retroperitoneal portion of colon 
(Fig. 4A). 

In eight patients, a fluid collection in the “anterior pararenal 
space” extended caudally into the lower part of the iliac fossa, 
but did not show any communication with the fat plane of the 
posterior pararenal space (Fig. 5). Thus, these cases did not 
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Fig. 4.—Peripancreatic fluid in two patients 
with pancreatitis. 

A, Peripancreatic fluid in an anterior retroper- 
itoneal space spares fat adjacent to retroperito- 
neal portion of descending colon (arrow). Ven- 
tral to retroperitoneal colon are contrast-filled 
loops of small bowel. 


exhibit any communication of the anterior and posterior para- 
renal space below an alleged free, caudal margin of the 
lateroconal fascia. 


Proposed Explanation of CT Findings 


To account for discrepancies between findings on abdom- 
inal CT and current concepts about retroperitoneal compart- 
ments, some workers have proposed variations in the pos- 
terior abdominal recess or lateroconal fascia [20-22]. We 
propose a different explanation based on embryologic princi- 
ples. 


Intermesenteric and Primary Retroperitoneal Domains 


The gut and its derivatives develop within the intermesen- 
teric domain, ventral to the domain of the primary retroperi- 
toneum [23-27]. Thus, the gut, its derivatives, and their 
accompanying blood vessels serve as markers of the inter- 
mesenteric space, regardless of its embryologic migration, 
folding or fusion. In the embryo, and adult, the only potential 
communication between the intermesenteric and primitive 
retroperitoneal domains is normally at the root of the dorsal 
mesentery, where aortic and caval vessels supply structures 
in both domains. The twain intermesenteric and primary ret- 
roperitoneal domains can never meet, except at the mesen- 
teric root. All abdominal structures, within both the inter- 
mesenteric and primary retroperitoneal domains, are really 
extraperitoneal. Structures termed “intraperitoneal,” such as 
the stomach, liver, and transverse colon have a persistent 
dorsal or ventral mesentery but are actually intermesenteric 
rather than intraperitoneal. 


RETROPERITONEAL SPACES 


B, Peripancreatic inflammatory fluid has dis- 
sected into the transverse mesocolon. Lateral 
extension of fluid obliterates fatty layer adjacent 
to posterior wall of retroperitoneal left colon (ar- 
row). Ascites is seen on the right. 
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Fig. 5.—Separation of an anterior retroperito- 
neal space from posterior pararenal space in left 
iliac fossa. In this patient with pancreatitis, fluid 
within anterior retroperitoneal spaces bilaterally 
(white arrows) does not affect fat layer in posterior 
pararenal spaces (open arrows). 


Pancreaticoduodenal Space 


Late in the first trimester of pregnancy, the bowel of the 
fetus rotates counterclockwise as it reenters the abdomen 
from the umbilical cord [26]. As the liver swings to the right 
and the stomach to the left (Fig. 6), the duodenum, pancreas, 
and their mesenteries lie parallel to the posterior abdominal 
wall (Fig. 7). The dorsal duodenal mesentery, or mesoduo- 
denum, makes a hairpin turn so that part of the proximal 
mesoduodenum makes direct contact with the primary dorsal 
peritoneum. Later they fuse. The anterior part of the left 
mesoduodenum lies ventral to the duodenum and pancreas 
(Fig. 7B). The duodenum and pancreas lose their suspending 
mesentery and come to reside in a new, secondary retroper- 
itoneal space, bound anteriorly by the left mesoduodenum 
and posteriorly by several layers of mesoduodenum that fuse 
with the primary dorsal peritoneum. The left leaf of meso- 
duodenum contributes centrally to the secondary posterior 
peritoneum of the adult. The pancreaticoduodenal space over- 
laps the lower half of the right kidney and most, or all, of the 
left kidney. It extends from a level just above the pancreatic 
body to a level slightly below the duodenum (Fig. 7C). A 
portion of mesoduodenum subtending the dorsal pancreas 
may fail to fuse completely with the primary dorsal perito- 
neum, thereby creating a retropancreatic recess [28]. Ascites 
in the retropancreatic recess can simulate a retroperitoneal- 
fluid collection (Fig. 8). 


Colonic Retroperitoneal Space 


The right and left colon rotate into the flanks (Fig. 9A) such 
that their dorsal mesentery, or mesocolon, lies parallel to the 
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Fig. 6.—Upper abdomen in 8-week 
human embryo. Ant. = anterior; Post. = 
posterior. Liver (L) swings to the right 
while stomach (St) begins to rotate 90° 
counterclockwise, Causing dorsal gas- 
tric mesentery, or mesogastrium, to 
buckle leftward (dorsal curved arrow) 
to form lesser sac. Dorsal pancreas 
(DP) is located in dorsal duodenal mes- 
entery, or mesoduodenum. Ventral 
pancreas (VP) rotates counterclock- 
wise behind duodenum as duodenum 
swings to the right (ventral curved ar- 
row). Small and large bowels are seen 
herniated into the umbilicus. These 
Structures are rotated 90° counter- 
clockwise while within umbilicus and 
rotate another 180° as they return to 
abdomen. (Modified and reprinted with 
permission from Moore [26].) 


Fig. 7.—Pancreaticoduodenal space. 

A, Axial section through second portion of duodenum in 
6-week human embryo. Ventral-pancreas anlage within ru- 
dimentary ventral duodenal mesentery has lost its connec- 
tion with anterior abdominal wall. Elongated dorsal pan- 
creas located within mesoduodenum. At slightly cephalad 
level, spleen (dashed line) located within mesogastrum. 

B, Axial view through dorsal pancreas in 10-week fetus 
represents a section several centimeters thick. Because of 
counterclockwise rotation of stomach and duodenum, 
mesogastrum and mesoduodenum swing to left so as to 
make hairpin turn at spleen. Dorsal half of the two leaves 
of mesogastrum and mesoduodenunm lie flat against primary 
dorsal peritoneum. Dorsal pancreas is subtended ventrally 
by anterior, or left, leaf of mesogastrum and dorsally by 
right leaf, which has swung ventral to superior mesenteric 
vessels. Subsequently ventral pancreas rotates behind duo- 
denum (curved arrow) to form pancreatic head. Later, three 
leaves of mesoduodenum and dorsal peritoneum, within the 
circle, fuse to form posterior boundary of pancreaticoduo- 
denal space. Ventral portion of left leaf of mesoduodenum 
in front of pancreas becomes a secondary posterior peri- 
toneum. A retropancreatic space persists when dorsal part 
of mesoduodenum fuses incompletely with posterior peri- 
toneum. 

C, Frontal view, adult upper abdomen. Area shaded by 
diagonal lines indicate coronal margins of pancreaticoduo- 
denal space. 


Fig. 8.—Retropancreatic peritoneal recess. 
Ascitic fluid (arrows) in persistent retropan- 
creatic recess simulates retroperitoneal fluid 
collection. Intraabdominal ascites is seen around 
spleen (S). 


posterior abdominal wall, overlying most of the duodenum 
[23, 26]. The right and left colon become fixed in position 
when the left leaf of their mesentery fuses (1) centrally to the 
mesentery covering the pancreaticoduodenal space and (2) 
laterally and inferiorly to the primary posterior parietal perito- 
neum (Fig. 10). According to Gerota [6], the mesocolon 
usually covers most or all of the left kidney and only the lower 
part of the right kidney. Fusion of the mesocolon extends 
bilaterally from about the second lumbar vertebrae to the iliac 
fossae (Fig. 9B). Caudally, the mesenteric fixation extends to 
the sigmoid on the left and generally to the cecal tip on the 
right. In about 10-20% of individuals the dorsal mesentery 
persists for the cecum and ascending colon. In this case, a 
secondary colonic retroperitoneal space does not form on the 
right (Fig. 11). By the processes described, the right and left 
colon usually come to reside in bilateral laminated spaces, 
sandwiched against the flattened pancreaticoduodenal space 
and primary retroperitoneum. 

Most discrepancies between abdominal CT and the ac- 
cepted retroperitoneal compartments relate to the “anterior 
pararenal space” and its relationship to the posterolateral 
peritoneal recess. The depth and configuration of the adult 


posterolateral peritoneal recess are influenced by the shape 
of the primary posterolateral recess, the amount of retroper- 
itoneal fat, and the extent to which the mesocolon fuses 
laterally with the primary posterior peritoneum. In the embryo, 
the posterolateral peritoneal recesses extend posterior to the 
kidney. Thus, in adults, abdominal organs, bowel loops, and 
ascites commonly extend posterior to the kidney. In some 
patients, especially men, the ascending and descending colon 
have a ventral location because of retroperitoneal fat, whereas 
in others the lateral portions of colon are located posteriorly 
[29]. A major factor that determines the pattern of ascitic fluid 
in the paracolonic gutter is the lateral extent of mesocolonic 
fusion within the primitive peritoneal recess. Ascitic fluid in 
the paracolic gutter may assume a variable configuration (Fig. 
12). 


Primary Retroperitoneum 


The domain of the primary embryonic retroperitoneum is 
confined ventrally by the primary posterior parietal peritoneum 
and posterolaterally by the transversalis fascia (Figs. 7A and 
12A). The renal fasciae develop in the primitive mesenchyme 
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A Fetus 


Fig. 9.—Colonic counterclockwise rotation and fix- 
ation. (Modified and reprinted with permission from 
Netter [23].) 

A, Fetus of 18 weeks. During 270° counterclockwise 
rotation of colon (arrow), ascending colon lies flat 
along left posterior wall of abdomen while descending 
colon swings into right lower quadrant. 

B, Adult configuration. Transverse colon and its free 
mesentery are cut away. Right leaf of ascending and 
descending colon, respectively, fuse with posterior 
abdominal wall to fix these colonic segments while 
left leaf of mesocolon contributes to adult posterior 
peritoneum. Normally, fixed portion of mesocolon cov- 
ers lower third to one-half of right kidney and most or 
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Fig. 10.—Adult retroperitoneal spaces at level 
of left kidney. Primary retroperitoneum is divided 
by anterior renal fascia (dashed line) and pos- 
terior renal fascia (dotted line) into a perirenal 
space and posterior pararenal space. Fusion of 
anterior renal fascia to primary dorsal perito- 
neum eliminates any anterior pararenal space. 
Ventral to primary retroperitoneum, a secondary 
retroperitoneum forms that consists of a pancre- 
aticoduodenal space that is overlying a retroper- 
itoneal colonic space. These secondary spaces 
are demarcated by folded, laminated leaves of 
mesentery that fuse with one another or primary 
dorsal peritoneum. K = kidney; L = left. 


Fused leaves of mesoduodenum 





Fig. 11.—Failure of colonic fixation in a pa- 
tient with abdominal carcinomatosis. Ascitic fluid 
clearly outlines a free mesentery (arrow) of right 
colon. Opacified blood vessels are seen within 
fat-filled mesentery of colon and small bowel, 
respectively. In this patient, a retroperitoneal 
colonic space does not exist on right side of 
abdomen because right colon is suspended by 
a free mesentery. A contrast-enhanced tumor 
implant is present on right ventral peritoneum. 


all of left kidney, and it extends into iliac fossae. 


as a prominent posterior layer and tenuous anterior layer [6, 
7, 9]. The anterior renal fascia fuses with the primitive dorsal 
peritoneum [6, 7], thereby eliminating any potential anterior 
pararenal space. The posterior renal fascia attaches medially 
to the fascia that covers the psoas and quadratus muscles. 
Laterally, the posterior renal fascia joins the anterior renal 
fascia at a point near where they both fuse to the postero- 
lateral peritoneum [7] or disappear into the properitoneal fat 
[6]. When present as such, the “lateroconal fascia,” a term 
coined by Congdon and Edson [9], is always located dorsal 
to the primary posterior peritoneum. In the past, the lateral 
peritoneal reflection of the posterolateral peritoneal recess 
was often mistakenly called the lateroconal fascia. Superior 
to each kidney, the delicate anterior renal fascia does not 
extend above the level of the adrenal glands [9]. 

We suggest that the renal fasciae divide the true retroperi- 
toneum into two compartments: (1) a perirenal space, sub- 
tended by the anterior and posterior renal fasciae, and (2) a 
posterior pararenal space bounded by the posterior renal 
fascia and transversalis fascia. The posterior pararenal space 
communicates with the properitoneal fat in the flank. Embryo- 
logically, no configuration of renal fasciae within the domain 
of the primary retroperitoneum exists that would define an 
“anterior renal space” containing gastrointestinal structures 
that originate within the intermesenteric domain. 


Separation of Retroperitoneal Spaces 


We propose that the adult retroperitoneum consists of two 
compartments, or domains: (1) the primary, primitive posterior 


retroperitoneum, which is located dorsal to the primary dorsal 
peritoneal membrane, contains exclusively structures of mes- 
odermal origin, such as the kidney and adrenal glands; (2) a 
secondary retroperitoneum, which is located ventral to the 
primary posterior peritoneum, contains endodermal struc- 
tures that develop in the intermesenteric space. Each major 
compartment contains two subcompartments (Fig. 10). The 
secondary retroperitoneum consists of the bilateral retroperi- 
toneal colonic spaces that partially overlap the pancreatico- 
duodenal space. The primary retroperitoneum is divided by 
the renal fasciae into a perirenal space and posterior pararenal 
space. A parasagittal plane through the left kidney contains 
the following laminated membranes and spaces: (1) anterior, 
or left, leaf of mesocolon; (2) retroperitoneal colonic space; 
(3) posterior, or right, leaf of mesocolon that fuses with left 
leaf of mesoduodenum; (4) anterior, or left, leaf of mesoduo- 
denum (secondary posterior peritoneum); (5) pancreaticodu- 
odenal space; (6) several fused leaves of mesoduodenum that 
fuse with the primary posterior peritoneum; (7) primary pos- 
terior peritoneum; (8) anterior renal fascia that fuses with the 
primary posterior peritoneum; (9) perirenal space; (10) pos- 
terior pararenal space; and (11) transversalis fascia. 

The notion of distinct pancreaticoduodenal and retroperi- 
toneal colonic spaces is supported by findings at laparotomy 
and on CT examination. To mobilize the lateral colon, the 
surgeon makes an incision along a vertical white line, at the 
base of the paracolic gutter. This landmark, or line of Toldt, 
represents the fusion of the free mesenteric margin of the 
lateral colon with the primary dorsal peritoneum. The incision 
gains entry into the original intermesenteric space between 
the leaves of the dorsal colonic mesentery that contains 
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Fig. 12.—-Schematic of retroperitoneal colonic space. K = kidney; R = 
right; L = left. 

A, Axial section through pancreas of a 14-week human fetus. During 
colonic rotation (arrows), left and right colon swing toward flanks so that 
their dorsal mesentery, or mesocolon, lies flat against posterior abdominal 
wall. At this stage, mesentery of duodenum and pancreas have already 
fused with posterior peritoneum to form the pancreaticoduodenal space. 
Thus, bilateral retroperitoneal colonic spaces come to lie ventral to pan- 
creaticoduodenal space, but extend more caudal. 

B-D, Different patterns that left colon and its dorsal mesentery assume 
in primary posterolateral peritoneal recess. Variable fusion occurs with 
primary posterior peritoneum. Sections are shown through lower pole of 
left kidney, just below caudal margin of pancreaticoduodenal space. De- 
pending on depth of primary posterolateral peritoneal recess and extent 
of mesocolic fusion, ascites in the recess may have a configuration that is 
rounded (8), spiked (C), or forked (D). Right leaf of mesocolon (long-short 
dashes); anterior renal fascia (short dashes); posterior renal fascia (dots); 
lateroconal fascia (dots and dashes). Segment of membrane, designated 
by arrow in B, commonly labeled as lateroconal fascia ts, in reality, 
peritoneum that forms lateral margin of primary posterolateral peritoneal 
recess along which right leaf of mesocolon may fuse. Lateroconal fascia 
either fuses with posterior peritoneum or disappears into subperitoneal fat 


[6]. 


vessels to the lateral colon. These vessels are easily stripped 
away from the posterior abdominal wall to mobilize the lateral 
colon toward the midline. The duodenum and pancreas, how- 
ever, remain enclosed within their own distinct space, demar- 
cated ventrally by the posterior leaf of mesocolon that has 
fused with the anterior leaf of the mesoduodenum. To mobilize 
the pancreatic head and duodenal sweep, a Kocher maneuver 
is done by making a vertical incision through the membrane 
just lateral to the duodenum, and the pancreas along with its 
supplying vessels is lifted away from its retroperitoneal bed. 
Segregation of the pancreaticoduodenal and colonic subcom- 
partments has also been shown by cadaver dissection [7]. 
Two observations from abdominal CT suggest that the 
pancreaticoduodenal space is generally separate from the 
bilateral retroperitoneal colonic spaces. First, extrapancreatic 
fluid generally does not extend appreciably caudad to the 
pancreas. If the pancreas were in the same space as the 
descending colon, however, frequent dissection of peripan- 
creatic fluid into the left iliac fossa would be anticipated. 
Second, a sizable fluid collection in the retroperitoneal pan- 
creaticoduodenal space often spares the fat plane around the 
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retroperitoneal colon (Fig. 4A). A relatively common commu- 
nication, however, between the pancreaticoduodenal and co- 
lonic retroperitoneal, spaces occurs along the root of the 
transverse mesocolon (Fig. 4B), which attaches along the 
inferior margin of the pancreas [30]. Such communication, 
however, involves disruption of the membrane that forms the 
ventral margin of the pancreaticoduodenal space (Fig. 13). 

In some cases, inflammatory fluid within the pancreatico- 
duodenal space extends posteriorly and appears to commu- 
nicate with the posterior pararenal space (e.g., Fig. 3). Dorsal 
fusion of mesoduodenum may extend sufficiently lateral to 
cover the medial wall of a deep posterolateral peritoneal 
recess that penetrates posterior to the kidney (Fig. 13A). In 
some patients, the mesenteric planes between the pancre- 
aticoduodenal and retroperitoneal colonic space may be dis- 
rupted so that pancreatic fluid in the colonic space outlines 
the original primary posterior peritoneal recess that has been 
covered by mesocolon (Fig. 13B). In some cases, peripan- 
creatic fluid gives the spurious appearance of having entered 
the posterior pararenal space (Fig. 3). In other cases, violation 
of fascial planes may occur with extension of inflammation 
into the posterior pararenal space and properitoneal fat in the 
flank. 

Once fluid gains entry into the retroperitoneal colonic space 
(e.g., with pancreatitis), the fluid tends to dissect caudally 
because the colonic space extends into the iliac fossa. Fluid 
that reaches the iliac fossa, however, commonly remains 
separate from the posterior pararenal space, as shown in 
Figure 5. This finding challenges the concept that the anterior 
and posterior pararenal spaces are divided by a lateroconal 
fascia, but communicate in the iliac fossa. Fluid in both the 
colonic and posterior pararenal spaces indicates disruption of 
the primitive dorsal peritoneum. 





Fig. 13.—-Schematic of posterior extension of peripancreatic fluid in the 
anterior, or secondary, retroperitoneal space. Fluid within anterior, or 
secondary, retroperitoneum extends posterior to kidney (K) without involv- 
ing posterior pararenal space. L = left. 

A, Fluid limited to pancreaticoduodenal space may extend posterior to 
the kidney. Uninvolved retroperitoneal colonic space and descending colon 
are displaced forward. Note that pericolonic rim of fat is preserved. 

B, Fluid within pancreaticoduodenal space has broken through into 
amesenteric colonic space. Descending colon is displaced forward, and 
its surrounding lucent-layer of fat is obliterated. In some instances, fluid 
from pancreaticoduodenal spaces reaches lateral portion of retroperitoneal 
colonic space by tracking along root of transverse mesocolon. 
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Conclusions 


We propose that (1) the kidneys and renal fasciae develop 
within the domain of the primary retroperitoneum, whereas 
all alimentary structures develop in the intermesenteric do- 
main. (2) These two domains communicate only at the mes- 
enteric root. (3) The anterior renal fascia and lateroconal fascia 
cannot demarcate a retroperitoneal space that contains ali- 
mentary-tract structures. (4) The secondary, or anterior, ret- 
roperitoneum is a laminated space, bounded by folded, fused 
leaves of mesentery, that contains distinct pancreaticoduo- 
denal and colonic subcompartments. (5) The anterior and 
posterior pararenal spaces do not normally communicate 
caudally in the iliac fossa. We hope that our hypothesis helps 
resolve the apparent conflicts that exist between certain 
findings on abdominal CT and current notions about retroper- 
itoneal compartmental anatomy. Like any hypothesis, how- 
ever, Our proposal must withstand critical scrutiny and testing 
before it merits general acceptance. 
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Commentary 





Extraperitoneal Spaces 


William A. Rubenstein’ and Joseph P. Whalen 


The preceding paper [1] presents several new and provoc- 
ative concepts of the retroperitoneum which, if accurate, 
would require significant revision of our current understanding 
of the retroperitoneal space. Based on a review of embryol- 
ogy, the authors propose that the adult retroperitoneum 
consists of two distinct compartments: the primary posterior 
retroperitoneum, which contains the kidney and adrenal and 
is divided into perirenal and posterior pararenal spaces by the 
renal fascia; and the secondary or anterior retroperitoneum, 
which in turn is divided into two spaces that generally do not 
communicate—the pancreaticoduodenal space containing 
the duodenum and entire pancreas and the retroperitoneal 
colonic space containing the extraperitoneal ascending and 
descending colons. 

Based on these concepts, two corollaries follow: First, our 
present understanding of an anterior pararenal space, being 
bordered posteriorly by anterior renal fascia, anteriorly by 
parietal peritoneum, and laterally by lateroconal fascia is 
erroneous. Fusion of the anterior renal fascia to the primary 
dorsal peritoneum eliminates the potential for any conven- 
tional anterior pararenal space. Instead, there is a secondary 
or anterior retroperitoneum that contains distinct pancreati- 
coduodenal and colonic subcompartments. Second, since 
there is no such entity as the anterior pararenal space, the 
conventional concept of an anterior pararenal space commu- 
nicating with the posterior pararenal space in the iliac fossa 
is erroneous. 

Using these concepts, the authors try to explain several 
findings on CT: (1) Peripancreatic fluid in the left upper quad- 
rant tends to remain localized around the pancreas and spares 
the fat layer around the retroperitoneal descending colon (see 
Figs. 4A and 13A). According to the authors, this indicates 
that the pancreas and colon lie in two separate compartments. 


in some patients (presumably those with more severe pan- 
creatitis, see Figs. 4B and 13B), “the mesenteric planes 
between the pancreaticoduodenal and retroperitoneal colonic 
space may be disrupted so that pancreatic fluid in the colonic 
space outlines the deep primary posterior peritoneal recess 
that has been covered by mesocolon.” (2) Pancreatic fluid 
that reaches the retroperitoneal colonic space and dissects 
caudally into the iliac fossa commonly remains separate from 
posterior pararenal space fat (see Fig.'5). “This finding chal- 
lenges the concept that the anterior and posterior pararenal 
spaces are divided cephalad by a lateroconal fascia, but 
communicate caudad in the iliac fossa.” 

With these hypotheses in mind, there are several discrep- 
ancies between the conclusions reached in this paper and 
currently accepted concepts of retroperitoneal anatomy. The 
authors’ conclusions are based on correlating embryology 
with CT findings but are not supported by cadaver dissections 
or radiologic-anatomic studies that use injection of radi- 
ographic contrast media. 

The authors conclude that no anterior parerenal space can 
exist since the anterior renal fascia fuses to the primary dorsal 
peritoneum. Yet anatomic studies by Southam [2], Tobin [3], 
Congdon and Edson [4], Whalen et al. [5], and Kazam and 
Whalen [6] have clearly shown the anterior renal fascia as a 
discrete structure, separate from the posterior parietal peri- 
toneum. On sagittal anatomic sections, Southam [2] showed 
separate anterior renal fascia and posterior parietal perito- 
neum defining the anterior pararenal space, all of which 
extend from the diaphragm (superiorly) to below the iliac crest 
(inferiorly), and noted that while the anterior renal fascia may 
become contiguous with the posterior peritoneum [7-9], 
these two layers can be dissected from each other. Using 
serial sections of early embryos, 7-9 month fetuses, and 
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adults, Tobin [3] exquisitely showed the anterior renal fascia 
and parietal peritoneum as separate structures. Similarly, by 
using transverse anatomic sections Congdon and Edson [4] 
and later Kazam and Whalen [6] showed that the anterior 
renal fascia and posterior parietal peritoneum are distinct 
structures, clearly separated from each other by the anterior 
pararenal space containing colon, pancreas, and/or fat. Mey- 
ers et al. [10], by using injection of iodinated contrast media 
into cadavers, clearly showed three distinct retroperitoneal 
spaces: anterior pararenal, posterior pararenal, and perirenal. 

The authors conclude that the conventional anterior para- 
renal space and posterior pararenal space do not normally 
communicate caudally in the iliac fossa. Yet several previous 
investigators have shown that such communication com- 
monly, if not always, exists. Using presacral retroperitoneal 
air insufflation, Whalen and coworkers [5, 11-13] showed 
free communication between the anterior and posterior para- 
renal spaces and the perirenal space. Meyers [14] showed 
that gas from perforated sigmoid diverticulitis originating be- 
low the cone of renal fascia can spread superiorly into both 
the anterior and posterior pararenal spaces. Similarly, gas 
from a perforated duodenum or pancreatic abscess within the 
anterior pararenal space can extend inferiorly below the cone 
of renal fascia and the limitation of the lateroconal fascia to 
gain access to the posterior pararenal space [15]. Using 
transverse and direct coronal CT scans, Feldberg [16] dem- 
onstrated anterior pararenal space fluid extending from the 
level of the left kidney and descending colon (superiorly) to 
the iliac fossa (inferiorly). On CT, fluid collections caused by 
pancreatitis [8, 17], perforations of the duodenum [18, 19] 
and rectum [2], and rupture of an internal iliac artery aneurysm 
[20] confirm the communication of the anterior and posterior 
pararenal spaces below the cone of renal fascia. Parienty and 
Pradel [8] demonstrated pancreatic phlegmons extending 
from the anterior pararenal space to the posterior pararenal 
space below the cone of renal fascia. Love et al. [17, 18] 
showed that at the level of the kidneys, fluid from pancreatitis 
or a duodenal leak occupied only the anterior pararenal space, 
but below the cone of renal fascia, occupied both the anterior 
and posterior pararenal spaces. Glazer et al. [19] showed 
that gas from duodenal rupture in the anterior pararenal space 
can escape below the apex of renal fascia and proceed up 
the flank into the peritoneal fat. Love et al. [21] demonstrated 
gas in all three retroperitoneal compartments resulting from 
rectal perforation. Similarly, hemorrhage from a ruptured in- 
ternal iliac artery aneurysm may extend superiorly to involve 
both the anterior and posterior pararenal spaces around the 
kidney [20]. With respect to Figure 5, the observation that an 
inflammatory fluid collection (presumed to lie in the “anterior 
retroperitoneal space”) does not communicate with the pos- 
terior pararenal space does not disprove the long-established 
concept that the anterior and posterior pararenal spaces 
communicate in the iliac fossa. Lack of communication in a 
given case could easily be due to loculation and/or presence 
of pyogenic membranes. 

Anatomic dissections [2, 4, 5, 22, 23] have clearly shown 
that a structure corresponding to the lateroconal fascia exists 
and that the lateroconal fascia is distinct from parietal perito- 
neum. The authors’ statement that the lateroconal fascia 
disappears into the properitoneal fat behind the primary dorsal 
peritoneum does not alter the established concept that the 
renal fascia divides the retroperitoneum into three distinct 


Spaces: anterior pararenal, posterior pararenal, and perirenal. 
It has long been recognized that the fusion of the anterior and 
posterior renal fasciae, and hence the lateroconal fascia, is 
variable [2, 4, 22, 24]. Congdon and Edson [4] showed that 
in those occasional cases of no lateroconal fascia, the anterior 
and posterior renal fasciae simply fused directly with the 
lateral peritoneum, and Southam [2] showed that the latero- 
conal fascia could extend posterolateral to the peritoneum 
into the properitoneal fat. Fusion of the anterior and posterior 
renal fasciae to form the lateroconal fascia may be seen on 
plain radiographs [5, 25] and CT [16]. 

No new concepts are needed to explain the appearance of 
ascites in Figures 2, 11, and 12B-D. The extension of intra- 
peritoneal fluid posterior to known extraperitoneal structures 
has previously been described and is due to posterior peri- 
toneal recesses located at several areas within the abdomen 
[26]. Figures 2, 12B, and 12C demonstrate ascites in the 
inferior extension of the splenorenal recess and deep para- 
colic gutters. Figures 11 and 12D demonstrate the variable 
length of the mesocolon; in postmortem studies the ascending 
and descending colon may be on a mesentery in up to 26% 
and 36%, respectively [27, 28]. Similarly, the CT finding that 
the liver, spleen, and bowel may extend posterolateral to the 
kidney only indicates the variable site of fusion of the anterior 
and posterior renal fascia to form the lateroconal fascia [6, 
17, 22, 24]. Furthermore, it has long been known that the 
posterior borders of the liver and spleen are outlined by 
extraperitoneal perivisceral fat [5, 25]. 

Current concepts of retroperitoneal anatomy explain the 
appearance of peripancreatic fluid in Figure 3. The observa- 
tion that peripancreatic fluid in the left upper quadrant may 
extend posterolateral to the left kidney while sparing peri- 
nephric and/or posterior pararenal fat can be explained by 
any of three concepts: (1) The fluid may lie entirely within the 
anterior pararenal space, which extends posterolateral to the 
left kidney due to posterior fusion of the anterior and posterior 
renal fascia [17, 22, 24]; (2) fluid in the anterior pararenal 
space may dissect posterolateral to the left kidney within 
laminae of the posterior renal fascia [22]; (3) the fluid may 
actually be intraperitoneal within the inferior extension of the 
splenorenal recess [17, 26]. 

Although Dodds et al. [1] found that peripancreatic effu- 
sions related to pancreatitis tend to be localized around the 
pancreas (Fig. 4A), other investigators [16, 17, 29-34] have 
noted that peripancreatic fluid contiguous with the pancreas 
may also infiltrate pericolonic fat and involve the wall of the 
descending colon. In addition, we have been impressed with 
the aggressiveness of acute pancreatitis and by the ability of 
peripancreatic fluid collections to obliterate the fat planes 
around the colon as well as to dissect caudally into the iliac 
fossa. Before the introduction of CT, Meyers et al. [10] 
showed that anterior pararenal collections such as pancreatic 
pseudocysts resulted in localized changes in the descend- 
ing colon. 

It is somewhat difficult to reconcile the authors’ conclusions 
with the work of previous investigators. It may be possible, 
however, to partially explain the discrepancies by several 
modifications of Figures 7B, 10, 12, and 13. Specifically, the 
proposed multilaminated fascial planes probably do not exist 
in the adult, but rather are resorbed after fusion of the dorsal 
mesentery with the primary posterior peritoneum in the fetus 
(23, 35-37]. The structure identified as anterior renal fascia 


in the adult represents a single fascial plane composed of the 
fused embryological anterior renal fascia, primary dorsal per- 
itoneum, and dorsal mesentery. This is the so-called “fusional 
fascia of Toldt” [2, 4, 16, 23], a term sometimes reserved for 
that part of the anterior renal fascia related to the colon. 
Congdon et al. [23] state explicitly that the adult anterior renal 
fascia, which lies posterior to the pancreas, is not trilaminar 
but rather a single fascial plane. The structure identified as 
posterior parietal peritoneum in the adult may represent the 
authors’ “secondary posterior peritoneum”; that is, simply 
that portion of the parietal peritoneum derived from the re- 
flected leaves of mesocolon. The proposed fascial plane that 
supposedly separates the pancreas and duodenum from co- 
lon is probably nonexistent. Williams and Warwick [35], Pat- 
ten [36], Langman [37], and Congdon et al. [23] all indicate 
that significant portions of the mesoduodenum, mesocolon, 
and primary dorsal peritoneum are resorbed after fusion of 
these segments of dorsal mesentery with the primary dorsal 
peritoneum. Patten [36] states that the original peritoneal 
covering of the duodenum is completely resorbed, and the 
duodenum finally lies embedded in the dorsal body wall cov- 
ered by a secondarily acquired peritoneal reflection of meso- 
colon. 

In summary, there is overwhelming anatomic and radi- 
ographic evidence that the retroperitoneum is divided into 
three discrete and identifiable spaces by the renal fascia, and 
that these spaces communicate below the cone of renal fascia 
in the iliac fossa. Minor variations, such as occasional fusion 
of anterior renal fascia to posterior parietal peritoneum or 
absence of lateroconal fascia with direct fusion of anterior 
and posterior renal fascia to the lateral parietal peritoneum do 
not alter long-established concepts. The authors’ CT obser- 
vations may be explained by established anatomy. 


REFERENCES 


1. Dodds WJ, Darweesh RMA, Lawson TL, et al. The retroperito- 
neal spaces revisited. AJR 1986;147:1155-1161 
2. Southam AH. Fixation of the kidney. Q J Med 1923;16:283-308 
3. Tobin CE. The renal fascia and its relation to the transversalis 
fascia. Anat Rec 1944;89:295-311 
4. Congdon ED, Edson JN. The cone of renal fascia in the adult 
white male. Anat Rec 1941;80:289-313 
5. Whalen JP, Berne AS, Riemenschneider PA. The extraperitoneal 
perivisceral fat pad. |. Its role in the roentgenologic visualization 
of abdominal organs. Radiology 1969;92:466-472 
6. Kazam E, Whalen JP. Computed Tomography. In: Margulis AB, 
Burhenne HJ, eds. Alimentary tract radiology, 3rd ed. St. Louis: 
Mosby, 1983:292-342 
7. Parienty RA, Pradel J, Picard JD, Ducellier R, Lubrano JM, 
Smoiarski N. Visibility and thickening of the renal fascia on 
computed tomograms. Radiology 1981;139:119-124 
8. Parienty RA, Prade! J. Radiological evaluation of the peri- and 
pararenal spaces by computed tomography. CAC Crit Rev Diagn 
imaging 1983;29:1-26 
9. Mitchell GAG. The renal fascia. Br J Surg 1950;37:257-—266 
10. Meyers MA, Whalen JP, Peelle K, Berne AS. Radiologic features 
of extraperitoneal effusions: an anatomic approach. Radiology 
1972; 104:249-257 
11. Whalen JP. Radiology of the abdomen: anatomic basis. Philadel- 
phia: Lea & Febiger, 1976:127 
12. Whalen JP, Evans JA, Shanser J. Vector principle in the differ- 
ential diagnosis of abdominal masses. |. The left upper quadrant. 
AJR 1971;113:104-118 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


Whalen JP, Ziter FMH. Visualization of the renal fascia—a new 
sign in localization of abdominal masses. Radiology 1967; 
89:861~863 

Meyers MA. Radiological features of the spread and localization 
of extraperitoneal gas and their relationship to its source: an 
anatomical approach. Radiology 1974;111:17-26 

Meyers MA. Dynamic radiology of the abdomen: normal and 
pathological anatomy. New York: Springer-Verlag, 1976: 
113-194 

Feldberg MAM. Computed tomography of the retroperitoneum. 
An anatomical and pathological atlas with emphasis on the fascial 
planes. Boston: Martinns Nijhoff, 1983 

Love L, Demos TC, Posniak H. CT of retrorenal fluid collections. 
AJR 1985;145:87-91 

Love L, Meyers MA, Churchill RJ, Reynes CJ, Moncada R, 
Gibson D. Computed tomography of the extraperitoneal spaces. 
AJR 1981;136:781-—789 

Glazer GM, Buy JN, Moss AA, Goldberg HI, Federle MP. CT 
detections of duodenal perforation. AJR 198 1;137:333-~336 
Samuelsson L, Albrechtsson U. Ruptured aneurysm of the inter- 
nal iliac artery. J Comput Assist Tomogr 1982;6:842-844 

Love L, Reynes CJ, Churchill R, Moncada R. Third generation 
CT scanning in renal disease. Radiol Clin North Am 1979;17: 
77-90 

Raptopoulos V, Kleinman PK, Marks S, Snyder M, Silverman 
PM. Renal fascial pathway: posterior extension of pancreatic 
effusions within the anterior pararenal space. Radiology 
1986; 158:367-374 

Congdon ED, Blumberg R, Henry W. Fasciae of fusion and 
elements of the fused enteric mesenteries in the human adult. 
Am J Anat 1942;70:251-279 

Sherman JL, Hopper KD, Greene AJ, Johns TT. The retrorenal 
colon on computed tomography. J Comput Assist Tomogr 
1985:9:339-341 

Whalen JP, Berne AS. The extraperitoneal perivisceral fat pad. 
il. Roentgen interpretation of pathological alterations. Radiology 
1969;92:473-480 

Rubenstein WA, Auh YH, Zirinsky K, Kneeland JB, Whalen JP, 
Kazam E. Posterior peritoneal recesses: assessment using CT. 
Radiology 1985;156:461-—469 

Whalen JP, Riemenschneider PA. An analysis of the normal 
anatomic relationships of the colon as applied to roentgeno- 
graphic observations. AJR 1967;99:55-—61 

Whalen JP. Anatomy of the colon. Guide to intra-abdominal 
pathology. AJR 1975;125:3-20 

Siegelman SS, Copeland BE, Saba OP, Cameron JL, Sanders 
RC, Zerhouni EA. CT of fluid collections associated with pan- 
creatitis. AJR 1980;134:1121-1132 

Donovan PJ, Sanders RC, Siegelman SS. Collections of fluid 
after pancreatitis: evaluation by computed tomography and ultra- 
sonography. Radiol Clin North Am 1982;20:653-665 

Siegelman SS, Fishman EK. Computed tomography of pancrea- 
titis. In: Siegelman SS, ed. Computed tomography of the pan- 
creas. New York: Churchill Livingstone, 1983:83—1 11 

Strax R, Toombs BD, Rauschkolb EN. Correlation of barium 
enema and CT in acute pancreatitis. AJR 1981;136:1219-1220 
Federie MP, Goldberg HI. Computed. tomography of the pan- 
creas. In: Moss AA, Gamsu G, Genant HK, eds. Computed 
tomography of the body. Philadelphia: Saunders, 1983:699~762 
Mauro MA, Stanley RJ. Pancreas. In: Lee JKT, Sage! SS, Stanley 
RJ, eds. Computed body tomography. New York: Raven, 
1983:213-241 


. Wiliams PL, Warwick R, eds. Gray's anatomy, 35th ed. Phila- 


delphia: Saunders, 1973:173 


. Patten BM. Human embryology, 3rd ed. New York: McGraw-Hill, 


1968:421-422 


. Langman J. Medical embryology, 4th ed. Baltimore: Williams and 


Wilkins, 1981:150-154 


Marc S. Levine’ 
David N. Moolten? 
Hans Herlinger’ 
Igor Laufer’ 


Received July 7, 1986; accepted July 24, 1986. 


' Department of Radiology, Hospital of the Uni- 
versity of Pennsylvania, 3400 Spruce St., Philadel- 
phia, PA 19104. Address reprint requests to M. S. 
Levine. 


2? University of Pennsylvania School of Medicine, 
Philadelphia, PA 19104. 


AJR 147:1165-1170, December 1986 
036 1-803X/86/1476-1165 
© American Roentgen Ray Society 


1165 


Esophageal Intramural 
Pseudodiverticulosis: A 


Reevaluation 





Esophageal intramural pseudodiverticulosis is an unusual condition manifested by 
tiny flask-shaped outpouchings in the wail of the esophagus. The condition was diag- 
nosed in 21 (0.15%) of 14,350 patients undergoing radiologic examinations of the 
esophagus at our hospitals. The pseudodiverticula were detected only by single-contrast 
technique in five of 18 patients (28%) who underwent both single- and double-contrast 
examinations. Thus, thin, low-density barium seems to enter these structures more 
readily than the high-density barium used for double-contrast esophagography. While 
most patients reported in the literature have diffuse or segmental pseudodiverticulosis 
associated with high esophageal strictures, the majority of our patients (11 [52%] of 21) 
had isolated involvement of the distal esophagus with 10 or fewer pseudodiverticula in 
the region of a peptic stricture. Other associated conditions included Candida esopha- 
gitis, herpes esophagitis, and squamous cell carcinoma of the esophagus. Our experi- 
ence suggests that pseudodiverticulosis usually represents a sequela of reflux esoph- 
agitis, although the reason that so few patients with esophagitis develop this condition 
is unclear. 


Esophageal intramural pseudodiverticulosis is an unusual condition manifested 
by multiple tiny, flask-shaped outpouchings in the wall of the esophagus and 
characteristic findings on esophagography [1-18]. Ninety percent of patients have 
associated strictures, most frequently in the upper third of the esophagus [16- 
18]. The disease may be either segmental or diffuse, but isolated involvement of 
the distal esophagus has been found in only 4% of all reported cases [17]. Recently, 
however, we observed several patients in whom these pseudodiverticula were 
confined to the distal esophagus in the region of a peptic stricture. The discrepancy 
between our observations and those reported in the literature led us to perform a 
retrospective review of patients seen at our hospitals to determine the prevalence 
of this condition, as well as the clinical and radiographic findings in these patients. 


Materials and Methods 


We examined log sheets of all esophagrams and upper gastrointestinal examinations 
performed at the Hospital of the University of Pennsylvania between 1980 and 1986. These 
records showed that pseudodiverticulosis was diagnosed radiographically in 16 patients 
during this period. Radiology log sheets from the Philadelphia Veterans Administration Hospital 
revealed five additional patients in 1985 and 1986. A total of approximately 14,350 esopha- 
grams and upper gastrointestinal examinations were performed during those periods. Thus, 
pseudodiverticulosis was diagnosed in 0.15% of all patients undergoing radiologic examina- 
tions of the esophagus. 

Eighteen of 21 patients with pseudodiverticulosis had biphasic examinations with upright 
double-contrast and prone single-contrast views of the esophagus. The double-contrast 
radiographs were obtained with a high-density barium suspension (E-Z-HD, E-Z-EM Co., 
Westbury NY), while the single-contrast radiographs were obtained with a thinner, low-density 
barium suspension (SOL-O-PAKE, E-Z-EM Co.). Of the remaining three patients, one had a 
single-contrast and two had double-contrast examinations. The radiographs were reviewed 
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retrospectively to determine the radiologic features of this condition, 
including the number, size, location, and appearance of the pseudo- 
diverticula, as well as the presence or absence of strictures or other 
associated abnormalities in the esophagus. Medical records were 
also reviewed to determine the clinical and endoscopic findings in 
these patients. 


Results 
Clinical Findings 


Fourteen patients were men and seven were women. The 
average age was 55 years (range, 22-74). Clinical data were 
available for 19 patients: 10 (53%) had reflux symptoms (i.e., 
heartburn, regurgitation), seven (37%) had dysphagia, two 
(11%) had odynophagia, one (5%) had upper gastrointestinal 
bleeding, and three (16%) had no esophageal complaints. The 
average duration of symptoms was 3.3 years, with a range 
of 3 months to 10 years. Associated esophageal diseases 
included Candida esophagitis (one patient), herpes esopha- 
gitis (one patient), esophageal varices (one patient), and squa- 
mous cell carcinoma of the esophagus (one patient). Five 
patients (26%) had a history of alcoholism, and two (11%) 
had AIDS. 


Radiographic Findings 


Pseudodiverticulosis was manifested radiographically by 
tiny flask-shaped outpouchings ranging from 1-4 mm in length 
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Fig. 1.—-Biphasic esophagram with intramural 
pseudodiverticula only visualized by singie-con- 
trast technique. 

A, Upright double-contrast view reveals mini- 
mal peptic scarring of distal esophagus without 
evidence of pseudodiverticulosis. 

8, However, prone single-contrast view with 
low-density barium shows several tiny pseudo- 
diverticula (arrows) not seen, even in retrospect, 
on doubie-contrast view. 


and 1-2 mm in width (Figs. 1-6). The number of pseudodi- 
verticula was 1-5 in eight patients (38%), 5-10 in eight 
patients (38%), 10-20 in one patient (6%), and 20 or greater 
in four patients (19%). In 18 patients (86%), the pseudodiver- 
ticula had a segmental distribution in the esophagus with 
involvement of the distal third in 12, middle third in five, and 
upper third in one patient. In the remaining three patients 
(14%), the pseudodiverticula were diffusely distributed 
throughout the thoracic esophagus. Branching of individual 
pseudodiverticula was observed in three patients, and intra- 
mural tracts with communication between adjacent pseudo- 
diverticula in two (Fig. 3). When viewed in profile, some or all 
of the pseudodiverticula appeared not to communicate with 
the esophageal lumen in most cases (Figs. 2, 3, and 5). 

The pseudodiverticula were visualized by single- and dou- 
ble-contrast technique in 13 (72%) of 18 patients who under- 
went biphasic examinations. In the remaining five patients 
(28%), pseudodiverticula were only visualized by single-con- 
trast technique (Fig. 1B) and could not be recognized, even 
in retrospect, on the double-contrast portion of the examina- 
tion (Fig. 1A). 

Sixteen patients (76%) had associated strictures: 11 (69%) 
were located in the distal esophagus and five (31%) in the 
middie or upper esophagus. All 11 patients with distal stric- 
tures had a smooth or slightly irregular segment of esophageal 
narrowing extending several centimeters above the gastro- 
esophageal junction with the typical appearance of a peptic 
stricture (Fig. 2). All 11 patients had associated hiatal hernias. 
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A 


Fig. 2.—Double-contrast (A) and single-contrast (B) esophagrams in different patients showing peptic 
strictures with localized pseudodiverticulosis (arrows) in region of stricture. Most pseudodiverticula do 


not appear to communicate with esophageal lumen. 


Two also had evidence of reflux esophagitis with superficial 
ulceration in the distal esophagus. In all patients with peptic 
strictures, the pseudodiverticula occurred at the level of the 
Stricture, and in nine of those patients, there were five or 
fewer pseudodiverticula. Thus, the majority of patients with 
pseudodiverticulosis (i.e., 11 [52%] of 21) had isolated in- 
volvement of the distal esophagus with scattered pseudodi- 
verticula in the region of a peptic stricture (Fig. 2). 

Five patients had strictures in the middle (three cases) or 
upper (two cases) thoracic esophagus. Two patients with 
midesophageal strictures had associated hiatal hernias and 
gastroesophageal reflux with clinical evidence of reflux dis- 
ease. Both patients were thought to have Barrett's esopha- 
gus (Fig. 3), although endoscopic confirmation was not ob- 
tained. In the remaining three patients, the cause of the 
stricture was unknown (Fig. 4). All five patients had smooth, 
concentric strictures ranging from 2-8 cm in length. The 
pseudodiverticula were confined to the level of the stricture 
in four cases (Fig. 3). The remaining patient had diffuse 
pseudodiverticulosis extending from a high stricture to the 
gastroesophageal junction (Fig. 4). 
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Fig. 3.—Midesophageal stricture with 
scattered pseudodiverticula (short arrows) 
in region of stricture. Communication be- 
tween adjacent pseudodiverticula produces 
short intramural tract (/ong arrow). Reticular 
pattern of mucosa below stricture suggests 
presence of Barrett’s esophagus, although 
endoscopic confirmation was not obtained in 
this case. 


One patient with presumed Candida esophagitis (endos- 
copy was not performed) had extensive plaque formation 
throughout the esophagus with localized pseudodiverticula at 
the level of the aortic arch. Another patient with proven herpes 
esophagitis had discrete areas of superficial ulceration in the 
midesophagus with pseudodiverticula only in the diseased 
segment. Both patients with infectious esophagitis had AIDS. 
A third patient with irregular narrowing of the midesophagus 
due to squamous cell carcinoma had several pseudodiver- 
ticula at and just above the superior margin of the tumor (Fig. 
5). Finally, two patients had an otherwise normal-appearing 
esophagus (Fig. 6). One had pseudodiverticula only in the 
distal esophagus and one had diffuse pseudodiverticulosis. 


Endoscopic Findings 


Only three (14%) of 21 patients had endoscopy. One patient 
had biopsy-proven squamous cell carcinoma of the mid- 
esophagus. The second had several shallow ulcers in the 
middle and distal esophagus with positive cytology for herpes 
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A B 


Fig. 4.—High esophageal stricture with diffuse pseudodiverticulosis. 

A, Single-contrast esophagram reveals smooth, tapered stricture of 
unknown Cause in proximal thoracic esophagus; numerous pseudodiver- 
ticula in region of stricture. 

B, More distal radiograph shows widespread pseudodiverticulosis be- 
low stricture to gastroesophageal junction. 


esophagitis. The third had acute and chronic inflammation 
associated with a high esophageal stricture but no evidence 
of Barrett's esophagus or tumor. Intramural pseudodiverticula 
were not seen endoscopically in any case. 


Discussion 


Since its original description by Mendl in 1960 [1], nearly 
100 cases of pseudodiverticulosis have been reported in the 
world literature [18]. Autopsy studies have shown that the 
pseudodiverticula represent dilated excretory ducts of deep 
mucous glands in the esophagus [9, 11, 19, 20]. In our study, 
pseudodiverticulosis was diagnosed in only 0.15% of all pa- 
tients undergoing radiologic examinations of the esophagus. 
Nevertheless, esophagography is more sensitive than endos- 
copy in detecting these lesions because the orifices of the 
dilated excretory ducts are difficult to visualize endoscopically 
[17]. Furthermore, thin, low-density barium seems to enter 
these structures more readily than the high-density barium 
used for double-contrast esophagography. In our study, pseu- 
dodiverticula were detected only by single-contrast technique 
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in 28% of patient who underwent both single- and double- 
contract examinations (Fig. 1). Thus, single-contrast esopha- 
gography is probably the best technique for diagnosing this 
condition. 

Pseudodiverticulosis is classically thought to be manifested 
radiographically by innumerable, tiny (1-4 mm), flask-shaped 
outpouchings in longitudinal rows parallel to the long axis of 
the esophagus [7, 9, 11, 12, 16-18]. Because the necks of 
the pseudodiverticula are 1 mm or less in diameter, incomplete 
filling may erroneously suggest lack of communication with 
the esophageal lumen [16, 18]. Occasionally, bridging may 
occur between adjacent pseudodiverticula, producing dis- 
crete intramural tracts [2, 17]. According to the literature, 
about half the patients have diffuse disease and half have 
segmental disease [16-18], although it is rarely confined to 
the distal esophagus [17]. About 90% of reported patients 
have associated strictures, most frequently in the upper third 
of the esophagus [16-18]. In such cases, the pseudodiver- 
ticula often extend above and/or below the stricture [17]. 

In our study, however, almost 90% of patients had seg- 
mental disease, and two thirds of those patients had isolated 
involvement of the distal esophagus (Figs. 1 and 2). Further- 
more, about 75% of patients had 10 or fewer pseudodiver- 
ticula. While most patients had associated strictures, 70% of 
those strictures were located in the distal esophagus and 
appeared radiographically as typical peptic strictures (Fig. 2). 
Thus, the majority of patients with pseudodiverticulosis had 
reflux disease with 10 or fewer pseudodiverticula in the region 
of a peptic stricture. 

The explanation for this discrepancy between our findings 
and those reported previously is unclear. However, most 
publications on the subject are anecdotal, and it seems likely 
that the more spectacular cases have been reported rather 
than the more subtle ones with fewer pseudodiverticula. In 
any Case, Our experience suggests that pseudodiverticulosis 
is usually a localized disease in the distal esophagus associ- 
ated with scarring from reflux esophagitis. 

While pseudodiverticulosis is often associated with benign 
esophageal strictures, we encountered one case of irregular 
narrowing in the midesophagus due to squamous Cell carci- 
noma in which several pseudodiverticula were detected at 
and just above the superior margin of the tumor (Fig. 5). 
Malignant degeneration may have occurred within a previ- 
esophageal strictures, we encountered one case of irregular 
narrowing in the midesophagus due to squamous cell carci- 
noma in which several pseudodiverticula were detected at 
and just above the superior margin of the tumor (Fig. 5). 
Malignant degeneration may have occurred within a previ- 
ously benign stricture in this location. Whatever the explana- 
tion, this case indicates that strictures associated with pseu- 
dodiverticulosis are not always benign, and each case should 
be evaluated individually for radiologic signs of malignancy. 

The cause of pseudodiverticulosis is uncertain. One infec- 
tious organism, Candida albicans, has been cultured from the 
esophagus in 34-48% of patients with pseudodiverticula [16- 
18]. In our study, however, only one patient had Candida 
esophagitis. A second patient had herpes esophagitis, a 
condition not previously associated with pseudodiverticulosis. 
We agree with other investigators that these organisms prob- 
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Fig. 5.—Double-contrast esophagram shows 
irregular narrowing of midesophagus from infil- 
trating squamous cell carcinoma. Scattered 
pseudodiverticula (arrows) at and just above 
superior margin of tumor. 


Fig. 6.—Double-contrast esophagram shows 
middle and distal pseudodiverticula in otherwise 
normal-appearing esophagus without evidence 
of stricture. Pseudodiverticula can be seen both 
in profile (straight arrows) and en face (curved 
arrows). 


ably represent secondary esophageal invaders and are not 
important causal factors in the development of this condition 
(7-9, 13, 14, 20]. 

Others have postulated that ductal dilatation in pseudodi- 
verticulosis results from plugging and obstruction of the ducts 
by thick, viscous mucus, inflammatory material, and/or des- 
quamated epithelium [11, 19, 20]. Alternatively, the ducts 
may be extrinsically compressed by periductal inflammation 
and fibrosis that result from chronic esophagitis [15, 17, 18]. 
In various studies, 80-90% of patients with pseudodiverticu- 
losis have endoscopic and/or histologic evidence of inflam- 
matory changes in the esophagus [16, 18]. In our study, the 
majority of patients had evidence of reflux esophagitis. Thus, 
pseudodiverticulosis may be a sequela of chronic esophagitis, 
particularly reflux esophagitis, although the reasons that so 
few patients with esophagitis develop this condition are un- 
Clear. 

Pseudodiverticulosis usually occurs in the elderly, with a 
slight male predominance [16-18]. Most patients present with 
intermittent or slowly progressive dysphagia due to the high 
prevalence of associated strictures [3, 5, 6, 8, 11-14, 16- 
18]. Treatment is therefore directed toward the underlying 
Stricture because the pseudodiverticula themselves rarely 
cause problems. Mechanical dilatation of strictures produces 
a dramatic clinical response in almost all patients [12-14]. 
While the pseudodiverticula may persist or disappear after 
treatment, the fate of these structures has no relationship to 
the clinical course of the patient [16, 17]. 
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In summary, pseudodiverticulosis has been diagnosed at 
our hospitals in only 0.15% of all patients undergoing radio- 
logic examinations of the esophagus. Conventional single- 
contrast esophagography with a thin, low-density barium was 
the best technique for visualizing these structures. The ma- 
jority of patients had isolated involvement of the distal esoph- 
agus with 10 or fewer pseudodiverticula associated with 
peptic strictures. We conclude that pseudodiverticulosis prob- 
ably represents an uncommon sequela of chronic reflux 
esophagitis. 
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The Diagnosis of Acute 
Acalculous Cholecystitis: A 
Comparison of Sonography, 
Scintigraphy, and CT 





The clinical and laboratory diagnosis of acute acalculous cholecystitis is difficult, and 
the reliability of various diagnostic imaging techniques has not been established. The 
results of several imaging procedures performed over a 6-year period on 56 patients 
with clinically suspected acute acalculous cholecystitis were evaluated retrospectively. 
Sonography and CT were both highly sensitive (92% and 100%, respectively) and 
specific (96% and 100%, respectively). Hepatobiliary scintigraphy was compromised by 
frequent false-positives; the result was a specificity of only 38%. Percutaneous bile 
aspiration was insufficiently sensitive (33%) for diagnosis. Sonography was as sensitive 
as hepatobiliary scintigraphy and was more specific in establishing the diagnosis. 
Because sonography is relatively inexpensive and can be performed at the bedside, it 
should be regarded as a Satisfactory screening procedure. However, CT is a good 
alternative in an easily transported patient when other intraabdominal disease is sus- 
pected. 


Acute acalculous cholecystitis is an uncommon but potentially fatal complication 
of prolonged critical illness [1-4]. The condition most likely results from a gradual 
increase in bile viscosity, due to prolonged stasis, that leads to a functional 
obstruction of the cystic duct [1, 4]. Compromised perfusion of the metabolically 
active gallbladder mucosa may also be contributory [3]. Other factors such as 
prolonged hyperalimentation, prolonged suctioning by nasogastric tube, positive 
pressure ventilatory support, numerous transfusions, use of vasoactive amines, 
and use of morphine analgesia also have been implicated [1, 4]. 

Unfortunately, both clinical and laboratory tests lack sensitivity and specificity for 
arriving at a preoperative diagnosis [1-5]. Because patients with acute acalculous 
cholecystitis are typically victims of multisystem trauma or other severe illness, 
they represent a population for whom exploratory laparotomy should be avoided, 
if at all possible, as a means of diagnosing this condition. Although hepatobiliary 
scintigraphy and sonography have been valuable in the diagnosis of acute and 
chronic calculous cholecystitis, their usefulness and that of other techniques such 
as CT and percutaneous aspiration of bile have not been established in the 
diagnosis of acute acalculous cholecystitis [6-17]. 

To assess the value of imaging methods in the diagnosis of acute acalculous 
cholecystitis, we undertook a 6-year retrospective study of patients with clinically 
Suspected acute acalculous cholecystitis in whom hepatobiliary scintigraphy, so- 
nography, CT, or bile aspirations were performed. 


Methods and Materials 


Since 1980, 60 patients have been evaluated by diagnostic imaging methods for possible 
acute acalculous cholecystitis after trauma. Complete medical records and imaging study 
results were available in 56. All patients were admitted to the Shock Trauma Center of the 
University of Maryland Medical System/Hospital after major trauma. There were 37 men and 
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19 women; the age range was 14 to 83 years, with a mean of 39. 
Most were injured in motor vehicle accidents (39); the remainder ` 
were involved in falls (four), crush injuries (three), diving accidents 
(two), ballistic injuries (two), or other accidents (10). Two patients 
were admitted for hyperbaric oxygen therapy for severe anaerobic 
soft-tissue infections. All studies were evaluated retrospectively with- 
out knowledge of results of other diagnostic procedures or final 
clinical outcome. No particular imaging sequence algorithm was fol- 
lowed as patients were cared for by a variety of different clinicians 
during the period of the study. 


Hepatobiliary Scintigraphy 


Hepatobiliary scintigraphy was performed on 45 patients injected 
intravenously with 5-10 mCi (185-370 MBq) of 99m-technetium— 
tagged paraisopropylacetanilidoiminodiacetic acid (PIPIDA, Diagnos- 
tic Isotopes, Bloomfield, NJ). Serial scintigrams were obtained at 
5-min intervals. Static images were recorded at 2 hr and again at 4- 
6 hr if there was no visualization of the gallbladder. Static views were 
obtained from the anterior and right lateral projections. Imaging was 
performed by using a 37-tube Anger gamma camera. Studies were 
reviewed by two staff radiologists and were analyzed for hepatic 
uptake and excretion of tracer into the biliary system, time to visual- 
ization of activity in the small bowel, and time of visualization of the 
galibladder if this occured within 6 hr. Studies demonstrating activity 
in the smail bowel without visualization of the gallbladder within 6 hr 
were considered positive. Visualization of the gallbladder after 1 hr 
was considered to represent chronic cholecystitis. Cholecystokinin 
was administered to only one patient when the gallbladder had not 
been visualized 3 hr after injection of tracer. 


Sonography 


Sonographic examination of the gallbladder and right upper quad- 
rant was performed in 40 patients by using real-time and/or articulat- 
ing arm transducers. Imaging devices used included a Toshiba Son- 
olayer L (Model SAL-20A) (Toshiba America Inc., Tustin, CA), an ATL 
MK-100 Precision series (Advanced Technology Laboratories, Belle- 
vue, WA), a Picker Echoview System 80-L (Picker International Inc., 
Northford, CT}, and a Phillips Sono Diagnostic B (Phillips Ultrasound 
inc., Santa Ana, CA). All images were obtained with either a 3- or 
3.5-mHz transducer. When necessitated by the patients clinical 
condition, portable studies were performed by using real-time equip- 
ment only. The studies generally were performed with the patients 
supine, although, when possible, patients also were examined in the 
right decubitus position. Erect images were seldom obtained due to 
the general severity of the illnesses. Sonographic studies were 
reviewed by two staff radiologists, and findings were divided into 
major and minor criteria as follows: Major criteria included a wail 
thickness of 4 mm or greater when the gallbladder was distended to 
at least 5 cm in the longitudinal dimension and there was no evidence 
of ascites or hypoalbuminemia (serum protein <3.2 mg/di), the pres- 
ence of pericholecystic fluid or subserosal edema, calculi, intramural 
gas, a sloughed mucosal membrane, or a complete lack of response 
to cholecystokinin. Minor criteria included the presence of echogenic 
bile (sludge), distension greater than 8 cm in the longitudinal or 5 cm 
in the transverse dimension, or a partial response (<50% decrease 
in longitudinal and transverse dimensions) after cholecystokinin injec- 
tion. A study was considered positive if it included either a minimum 
of two major criteria or one major and two minor criteria. In five cases 
cholecystokinin (Kinevac, Squibb, Princeton, NJ) was administered at 
a dosage of 0.02 „g/kg, and the gallbladder was reexamined 15 min 
after the injection to assess for degree of contraction. Other evidence 
of disease detected in the right upper quadrant, such as an abscess, 
ascites, or biliary-tree dilatation, was also noted. 
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CT 


As part of a general evaluation for possible sources of sepsis or 
evaluation of right upper quadrant pain, 15 patients had abdominal 
CT scans as part of their imaging workup, which included the liver 
and gallbladder. Studies were performed at 1-cm contiguous sections 
from the lung bases to the iliac crests or to the symphysis pubis if 
clinically warranted. When possible, both oral (2% diatrizoate sodium 
[Hypaque) and IV (50 ml bolus of diatrizoate meglumine/sodium 
[Angiovist 282]) contrast media were administered. Studies were 
conducted either on a General Electric 8800 or 9800, a CGR CT/T 
10,000, or a Pfizer 0450. CT scans were reviewed by two staff 
radiologists for signs of gallbladder disease. Major criteria for the 
diagnosis of acute acalculous cholecystitis included wall thickening 
greater than 4 mm, pericholecystic fluid, or subserosal edema without 
ascites, intramural gas, or sloughed mucosa. Minor criteria included 
subjective distension or hyperdense bile. Other pathologic findings 
such as abscess, ascites, or pancreatic or hepatic lesions were also 
noted, as well as the status of the biliary system. No patient received 
cholecystokinin for the CT studies. A positive diagnosis was estab- 
lished by the presence of two major criteria or two minor and one 
major criteria. 


Percutaneous Aspiration of Bile 


Six patients underwent percutaneous aspiration of bile from the 
gallbladder guided by real-time sonography [5] or CT. Sonographic 
studies were performed by means of an ATL 100 portable sono- 
graphic unit with a biopsy transducer guide. All aspirations were 
performed by using a 20-gauge aspiration needle and an anterior 
transhepatic approach as described by McGahan and Walter [5]. 
Informed consent was obtained beforehand. On two occasions the 
bile was quite viscous, and a 19-gauge needle was required to obtain 
a sample. Bile samples were examined for bacteria and leukocytes 
and were cultured anaerobically and aerobically. No complications 
were encountered during or after these procedures. Four other 
patients had bile specimens obtained intraoperatively, which were 
cultured. These results are included with those from the percuta- 
neously aspirated specimens. 


Results 
Hepatobiliary Scintigraphy 


Hepatobiliary scintigraphy was performed on 46 patients 
with clinically suspected acute acalculous cholecystitis. In 19 
(41%) the gallbladder was visualized within 1 hr after the 
injection and was considered normal. in all but one of these 
patients the clinical course suggested other causes for the 
patient's symptoms. However, one patient had normal find- 
ings on hepatobiliary scan but.markedly abnormal findings on 
sonographic and CT studies. Persistent fever and right upper 
quadrant pain prompted cholecystectomy, which revealed 
acalculous cholecystitis. 

in three patients gallbladder visualization was delayed 
(2-6 hr). In all cases subsequent clinical and sonographic 
correlation suggested chronic calculous cholecystitis. These 
patients were all managed without surgical intervention while 
recuperating from their acute traumatic injuries and had be- 
nign clinical courses. 

Findings of hepatobiliary scintigrams were abnormal in 24 
patients. In two the results were considered indeterminate for 
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the gallbladder because of poor hepatic function and failure 
to secrete sufficient tracer into the biliary system. Another 
patient had obstruction of the proximal hepatic duct and were 
thus indeterminate findings for the gallbladder but at surgery 
was shown to have both acute and chronic calculous chole- 
cystitis. Eight patients with abnormal findings had acalculous 
(six), or calculous (two) acute cholecystitis established path- 
ologically by the presence of acute inflammation, bacterial 
invasion, or necrosis of the gallbladder wall. One patient with 
acute acalculous cholecystitis received cholecystokinin, but 
visualization of the gallbladder still did not occur. However, 
there were 13 other patients with nonvisualization of the 
gallbladder in whom the clinical course (11), or surgical in- 
spection alone (two) indicated a normal gallbladder. Consid- 
ering all cases in which the gallbladder could be evaluated, 
13 (54%) of 24 were false-positive, yielding a specificity of 
only 38% in the posttrauma population. Hepatobiliary scintig- 
raphy was 95% sensitive in the diagnosis of posttraumatic 
acute cholecystitis. 


Sonography 


Sonographic studies were available from 40 patients. In 26 
the study was considered negative by our established criteria 
(see Methods). Of this group two patients subsequently were 
shown at surgery to have either chronic calculous cholecys- 
titis or both acute and chronic calculous cholecystitis. In the 
first patient sonography revealed only minimal wall thickening 
and echogenic bile without visualization of calculi. In the 
second the galibladder was moderately distended with mini- 
mal echogenic bile but no definite calculi. Both studies were 
performed early in this series with less precise real-time 
equipment than is currently available. 

In 14 patients sonographic findings were abnormal by our 
criteria. Seven had pathologically verified acute acalculous 
cholecystitis and five had acute and chronic calculous chole- 
cystitis. One patient had an equivocal result: calculi and mild 
wail thickening (5 mm), but a partial response to choiecysto- 
kinin injection (longitudinal diameter decreased from 7.4 to 
6.8 cm). This patient's symptoms and elevated bilirubin level 
resolved with conservative treatment. Three other patients 
injected with cholecystokinin failed to show any gallbladder 
contraction in 15 min and all had acute acalculous cholecys- 
titis diagnosed pathologically. A single patient with abnormal 
sonographic findings improved clinically and thus was consid- 
ered false-positive. Overall, sonography demonstrated a sen- 
sitivity of 92% for acute cholecystitis with or without calculi 
present and a specificity of 96% (Table 1). 


CT 


Results of CT were available for 15 patients. In five the 
study was positive by our criteria for acute acalculous chole- 
cystitis, and all five cases were pathologically confirmed. Ten 
patients were considered to be negative for acute acalculous 
cholecystitis, and all 10 cases were confirmed by Clinical 
course (eight) or surgical pathology (two). Thus, in this limited 
series CT was both 100% sensitive and 100% specific in the 
diagnosis of acute acalculous cholecystitis (Table 1). 
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TABLE 1: Sonographic and CT Findings in Patients Evaluated 
for Acute Cholecystitis 





— Sonography CT 
Findings (N = 40) (N = 15) 

Minor criteria 
Distension’ T7 5 
Sludge 16 5 
Partial response to CCK? 1 0 

Major criteria 
Calculi 7 0 
No response to CCK 4 0 
Wall thickening 24 mm* 13 4 
Pericholecystic fluid? 2 1 
Subserosal edema (halo) 5 5 

Positive (2 major or 1 major and 

2 minor criteria) 14 G 
Negative 26 10 
True positive 13 5 
True negative 24 19 
Sensitivity (%) 92 100 
Specificity (%) 96 100 
Positive predictive value (%) 92 100 
Negative predictive value (%) 92 100 





* Longitudinal diameter >8 cm or transverse diameter >5 cm. 

® <50% decrease in transverse or longitudinal axis. CCK = cholecystokiwn, 
€ Serum protein >3.2 mg/dt. 

“in absence of ascites. 


Percutaneous Aspiration of Bile 


Bile was aspirated percutaneously in six cases and ob- 
tained at surgery in four others. In two cases bacteria were 
obtained (Citrobacter and Escherichia coli), and both patients 
had pathologically verified acute acalculous cholecystitis. in 
four patients the aspirate was sterile and contained no leu- 
kocytes; these patients had normal clinical (three) or surgical 
(one) results. However, four other patients had sterile bile 
cultures and no organisms on Gram stains, as well as speci- 
mens without leukocytes, but had acute acalculous cholecys- 
titis pathologically. Thus, although bile aspiration, either per- 
cutaneously or at surgery, was 100% specific, the method 
was only 33% sensitive in diagnosing acute gallbladder inflam- 
mation. 


Discussion 


The contribution of imaging studies to the diagnosis of 
acute cholecystitis in general is well established. Overall sen- 
sitivity and specificity for hepatobiliary scintigraphy in the 
diagnosis of acute cholecystitis are 95~100% and 81~100%, 
respectively, whereas the sensitivity and specificity of sonog- 
raphy is reported as 67-93% and 82-100%, respectively 
[8, 12-17]. These series in general represent a substantial 
majority of cases of acute calculous cholecystitis and reflect 
the preponderance of the calculous form in the general pop- 
ulation [7]. However, the value of diagnostic imaging in estab- 
lishing the diagnosis of acute acalculous cholecystitis is far 
less firmly established. 

in 1983 Weissman et al. [11] described their experience 
with hepatobiliary scintigraphy and sonography in 15 patients 
with acute acalculous cholecystitis. They reported a 93% 
specificity and 93% accuracy for hepatobiliary scintigraphy 
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but found sonography to be far less reliable, with numerous 
false-positive and false-negative results. In 1984 Shuman et 
al. [7] evaluated hepatobiliary scintigraphy and sonography in 
33 surgically proven cases of acute or chronic acalculous 
cholecystitis. They reported a sensitivity of only 67% for 
sonography and 68% for cholescintigraphy in establishing the 
diagnosis. They concluded that the imaging diagnosis of 
acalculous cholecystitis remains elusive. 

Our results are at variance with these previous studies. 
Aithough we have found hepatobiliary scintigraphy to be 
highly sensitive (95%) with only a single false-negative result, 
many false-positive result led to low specificity (88%). The 
high frequency of false-positive results is not surprising be- 
cause prolonged parenteral alimentation, prolonged fasting, 
severe nonbiliary intercurrent illness, and hepatocellular dys- 
function are among the conditions known to produce false- 
positive results and are also commonly found in victims of 
major trauma [17-21]. 

By producing spasm of the sphincter of Oddi, morphine 
can increase pressure in the biliary system and direct flow of 
bile into the cystic duct [10]. In an effort to decrease false- 
positive cholescintigrams, Choy et al. [10] have suggested 
the use of IV morphine sulfate; however, they cautioned that 
morphine sulfate may produce false-negative results in cases 
of acalculous cholecystitis by overcoming a functional ob- 
struction in the cystic duct. We did not assess the usefulness 
of morphine sulfate in this study. 

Previous studies have suggested that injection of cholecys- 
tokinin to promote emptying of viscous bile from the gallblad- 
der might decrease false-positive findings on scintograms. 
Davis et al. [22] evaluated cholecystokinin in the diagnosis of 
chronic acalculous cholecystitis and found it of little value in 
distinguishing symptomatic patients from volunteers. Proud- 
foot et al. [23] and Pickleman et al. [24], however, found the 
response to cholecystokinin useful in predicting symptomatic 
improvement after cholecystectomy. Experience with the use 
of cholecystokinin in the diagnosis of acute acalculous cho- 
lecystitis has been limited. Weissman et al. [25] specifically 
recommended injection of cholecystokinin in cases of possible 
acute acalculous cholecystitis. Choy et al. [10] raised the 
criticism that injection of cholecystokinin after nonvisualization 
of the gallbladder will necessitate reinjection of the radiophar- 
maceutical and unduly prolong the time of study. Although 
our experience with cholecystokinin is limited, the three pa- 
tients with no sonographically demonstrable response were 
subsequently proven to have acute acalculous cholecystitis 
and the single patient with a partial response experienced 
clinical resolution. 

One patient in our study had acute acalculous cholecystitis 
and normal findings on hepatobiliary scintigraphy. Shuman et 
al. [7] reported frequent false-negative results in their series 
of 33 patients, producing a low sensitivity of 68-76%. They 
suggested, as did Weissman et al. [25], that patency of the 
cystic duct can persist in acute acalculous cholecystitis de- 
Spite inflammation of the gallbladder. The inclusion of nine 
cases of chronic acalculous cholecystitis in the Shuman study 
[7] may also have contributed to the frequency of false- 
negative results, 
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Sonography was useful in establishing the diagnosis of 
acute acalculous cholecystitis, with a sensitivity of 92% and 
a specificity of 96%. Although distension of the gallbladder 
and echogenic bile were frequent abnormalities shown in the 
posttrauma population, the detection of wall thickening, peri- 
cholecystic fluid, and subserosal edema were more indicative 
of acute cholecystitis. In 11 patients with acute cholecystitis 
examined by sonography, Marchal et al. [26] saw a sonolu- 
cent halo around the gallbladder, which was shown patholog- 
ically to represent subserosal edema and cellular infiltration. 
They believed that this sign was specific for acute cholecys- 
titis. Five of our patients with this finding also had acute 
acalculous cholecystitis; the sign was never observed in any 
patient shown clinically or surgically to have a noninflamed 
gallbladder. Five of 12 patients with posttraumatic acute 
cholecystitis had calculi as shown by sonography and proven 
pathologically. This high percentage suggests that patients 
with calculi or chronic cholecystitis may be at increased risk 
for the development of acute inflammation after major trauma 
or similar prolonged critical illness. 

CT was used to evaluate 15 patients with suspected acute 
acalculous cholecystitis and was 100% sensitive and specific 
in this limited series. The CT features of acute cholecystitis 
have been described previously [27-33]. Thickening or nod- 
ularity of the gallbladder wall, gallstones, poor definition of 
the gallbladder/liver interface, and pericholecystic fluid without 
ascites have been reported most frequently [27, 29, 31, 33]. 
The CT equivalent of the sonographic halo sign was present 
in all five patients with acute acalculous cholecystitis studied 
by CT. The rim of subserosal ederna may mimic pericholecys- 
tic fluid, as recently reported by Goldstein et al. [34]. Although 
sonography and hepatobiliary scintigraphy have gained wide 
acceptance as initial screening studies for patients with symp- 
toms suggestive of acute cholecystitis, the use of CT as an 
initial diagnostic procedure seems quite reasonable. In the 
typical case our posttrauma patients are referred for imaging 
evaluation if they have fever and sepsis of unknown source. 
They commonly also have associated liver enzyme abnor- 
malities, often related to other aspects of their injury. The 
investigation of the abdomen by CT facilitates the search for 
occult abscesses and the evaluation of the biliary system. In 
many instances sonographic assessment of the abdomen is 
hindered by intestinal ileus or overlying bandages. 

Recently, McGahan and Walter [5] reported their experi- 
ence with percutaneous aspiration of bile in patients with 
suspected acute acalculous cholecystitis. They emphasized 
its value in suspected cases because of the potential for faise- 
positive findings on cholescintigrams or false-negative find- 
ings on sonograms. They believe that aspiration of bile pro- 
vides a method of excluding the gallbladder as a source of 
infection. However, four of our patients in whom bile aspiration 
was performed had pathologically verified acute acalculous 
cholecystitis despite the absence of bacteria or leukocytes in 
the bile specimen. Overall the technique was only 33% sen- 
sitive in determining patients with acute gallbladder inflam- 
mation. In describing the pathology of acute cholecystitis, 
Glenn [4] noted no significant difference in calculous vs acal- 
culous disease. The number of leukocytes found in the gall- 
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bladder wall was variable; occasionally none were found. On 
the basis of this experience, we believe that the absence of 
leukocytes or bacteria in the bile should not exclude the 
diagnosis of acute calculous or acalculous cholecystitis. 

In summary, our experience with 56 patients with clinically 
suspected acute acalculous cholecystitis has shown that 
sonography has sensitivity equivalent to and specificity su- 
perior to cholescintigraphy. CT was accurate in evaluating 
the gallbladder for suspected acute cholecystitis and should 
be regarded as a reasonable screening test, especially when 
other intraabdominal diseases are anticipated [4]. Finally, 
percutaneous aspiration of bile may be a valuable method for 
confirming the diagnosis of acute cholecystitis, but a sterile 
specimen without leukocytes cannot be used reliably to ex- 
clude the diagnosis. 
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Computed Tomography of the Gastrointestinal Tract Including the Peritoneal Cavity and Mesentery. Edited 
by Morton A. Meyers. New York: Springer-Verlag, 279 pp., 1986. 


This book fulfills its purpose of providing a comprehensive, useful, 
up-to-date presentation of CT of the major disease states involving 
the gastrointestinal tract, mesentery, and peritoneal cavity. The book 
has contributions from major centers in the United States, Switzer- 
land, The Netherlands, West Germany, and Japan. The 10 chapters 
include discussion of the value and limitations of CT for evaluation of 
tumors of the esophagus, stomach, and colon. Other topics are 
lymphoma and other nonepithelial tumors, inflammatory bowel dis- 
ease, acute appendicitis, and lesions of the mesentery. 

The chapter dealing with the peritoneum and the spread of disease 
in the subperitoneal space reflects the editor’s expertise and numer- 
ous publications in this field, including the successful former book, 
Dynamic Radiology of the Abdomen. 

The book is conveniently short (fewer than 300 pages), and the 
quality of the reproductions is excellent. The style of most of the 
discussions is authoritative, comprehensive, succinct, and practical. 
The chapter on carcinoma of the stomach, however, has an involved, 
lengthy, and at times confusing presentation of staging methods that 
is difficult to relate to the presentation of CT findings. For example, 
the staging method of Borrmann is cited in the text and illustrations 
but not specifically identified in the text. Also, the pertinent references 


are in the Japanese literature, which may not be readily available to 
American readers. Otherwise this chapter is an exhaustive summary 
of the extensive Japanese experience in the pathology, radiologic 
detection, and staging of gastric malignancies. 

The chapter on subperitoneal spread of intraabdominal disease is 
an excellent exposition of a conceptual framework, devised by the 
authors, that provides the basis for ready analysis of many otherwise 
confusing appearances on complex CT images. This and the chapter 
on peritoneal fluid collections summarize the widely accepted con- 
cepts, largely developed by the editor and his coworkers, on which 
much of our present understanding of abdominal radiology is based. 

Although the book provides an adequate summary of the current 
status of CT in gastrointestinal disease, it adds little to that covered 
by the several excellent current general texts on body CT imaging. It 
will probably be useful, however, to those with particular interest in 
gastrointestinal disease in providing a useful source of well-illustrated 
material in one place. 


Michael K. Wolverson 
St. Louis University Medical Center 
St. Louis, MO 63104 
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Morphine-Augmented 
Cholescintigraphy in the 
Diagnosis of Acute 
Cholecystitis 





Cholescintigraphy is a sensitive procedure for diagnosing or excluding acute chole- 
cystitis. However, when rapid diagnosis is critical, the requirement for delayed images 
(4 hr or more after injection) to minimize the false-positive rate diminishes its utility. We 
prospectively evaluated 40 cholescintigraphic examinations that did not visualize the 
gallbladder 1 hr after injection of "Tc diisopropyliminodiacetic acid. These examina- 
tions were then augmented by administration of IV morphine, followed by an additional 
30 min of imaging. After the morphine, 18 of these examinations demonstrated visuali- 
zation of the gallbladder; none subsequently required surgical exploration. Of the 
remaining 22, who demonstrated persistent nonvisualization of the galibladder post- 
morphine, 11 were explored surgically and found to be abnormal. The 11 others were 
treated medically. Low-dose morphine administered when the gallbladder fails to visu- 
alize after 1 hr is a useful adjunct to conventional cholescintigraphy because it reduces 
the time required to obtain a diagnostic result and decreases the number of false- 
positive results. 


Rapid diagnosis or exclusion of acute cholecystitis in the patient presenting with 
acute right-upper-quadrant pain is important to minimize morbidity and mortality. 


..Most of these patients do not present with the typical additional findings of fever, 
- .feukocytosis, and a positive Murphy’s sign [1]. Indeed, hepatocellular, renal, and 


bowel disease, as well as pancreatitis and peptic ulcer disease, are frequently 
difficult to distinguish on the basis of clinical findings alone. Documentation of 
cystic-duct obstruction, mechanical or functional, confirms the diagnosis of acute 
cholecystitis in most cases. Conversely, demonstrating patency of the cystic duct 
virtually excludes this diagnosis. 

*°™T¢ iminodiacetic acid (IDA) cholescintigraphy is the most sensitive method for 
assessing patency of the cystic duct [2]. Persistent nonvisualization of the gallblad- 


‘der 4 hr after injection of a "Tc IDA radiopharmaceutical, in the presence of 


prompt hepatic uptake and excretion into the intestine (i.e., within 1 hr), is consistent 
with cystic-duct obstruction. However, chronic cholecystitis, gallbladder carcinoma, 
pancreatitis, hepatocellular disease, severe illness, alcoholism, lack of adequate 
fasting, prolonged fasting, and physiologic gallbladder distension may also lead to 
nonvisualization of the gallbladder [3-6]. Recently, morphine injection has been 
reported effective in improving the specificity of cholescintigraphy for diagnosing 
acute cholecystitis from 83% to 100% of cases, without loss of sensitivity (96%) 
[7]. We prospectively assessed the value of morphine administration for reducing 
the time to diagnose acute cholecystitis. 


Subjects and Methods 


We prospectively evaluated 40 hepatobiliary scans that did not visualize the gallbladder at 
1 hr after injection of "Tce DISIDA and that were then augmented by the administration of 
IV morphine (0.04 mg/kg), followed by an additional 30 min of imaging. Imaging findings were 
correlated with sonographic and clinical findings in all 40 cases, and with pathologic studies 
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in 11. All patients underwent radionuclide hepatobiliary imaging and 
real-time sonography performed within 48 hr of onset of acute illness 
and within 24 hr of each other. Twenty-five patients had fasted for 
more than 3 hr before the IV injection of 5 mCi (185 MBa) "Tc 
DISIDA, while the remaining 15 had received IV hyperalimentation for 
at least 7 days. Sequential anterior static images with 500,000 counts 
per image were obtained with a large-field-of-view camera at 10- to 
15-min intervals for a minimum of 50 min. Left anterior oblique and 
right lateral views were obtained as required at 50 min. If there was 
evidence of radioactivity in the duodenum but no filling of the gall- 
bladder by 50 min, 0.04 mg/kg morphine sulfate diluted in.10 ml 
saline was given IV over a period of 3 min. Five-minute serial images 
were obtained for the next 30 min. Five of the patients with persistent 
nonvisualization of the gallbladder after the morphine injection were 
also imaged 4 hr after the radionuclide injection. 


Results 


Of 40 patients with nonvisualization of the gallbladder after 
1 hr, 22 demonstrated persistent nonvisualization of the gall- 
bladder even after the injection of morphine. Five of these 
were imaged again after 4 hr without a change in findings. 
Sonography of the 22 persistently nonvisualized gailbladders 
revealed gallstones in six, sludge in five, and acalculous 
cholecystitis (gallbladder-wall thickening, sludge, distension) 
in five. Of the remaining six, two showed contraction, one 
showed distension, and the other three were interpreted as 
normal. Eleven of the 22 were taken to surgery within 1-3 
days after scintigraphy. Of these, pathology showed three 
with gallstones and two with acalculous cholecystitis to have 
acute cholecystitis. Another with acalculous cholecystitis had 
empyema of the gallbladder. Two with gallstones had chronic 
cholecystitis, and two with solitary common-bile-duct stones 
had a distended and a normal gallbladder, respectively. The 
remaining 11 were patients with massive trauma who were 
considered poor surgical risks and, therefore, treated medi- 
cally. Eight of the 22 patients were on IV hyperalimentation; 
seven had alcoholic liver disease. 

In the 18 cases with gallbladder visualization after morphine 
injection, sonography revealed nonobstructing gallstones in 
five, sludge in three, and normal findings in the remaining 10. 
Seven of these patients were receiving IV hyperalimentation; 
two were on tube feedings. Two had alcoholic liver disease, 
and one was postvagotomy. None had elevated serum amy- 
lase on admission. None required surgery, and all responded 
to conservative management. 


Discussion 


The scintigraphic diagnosis of acute cholecystitis is predi- 
cated on failure of the gallbladder to admit radionuclide within 
a specified interval of time, most commonly 1 hr. Weissmann 
et al. [8] report that with delayed imaging, up to 4 hr, the 
false-positive rate can be reduced from 9.9 to 0.6%. Zeman 
et al. {9] have even recommended 24-hr imaging in patients 
who have fasted longer than 1 day. Such delayed images are 
limited technically, however, by the progressive decline in 
activity within the biliary system that necessarily accompanies 
physiologic emptying and tracer decay. Furthermore, many 
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Clinicians with patients in acute distress are unwilling to accept 
such delays and turn instead to sonography in spite of its 
limited ability to diagnose acalculous cholecystitis and com- 
mon duct stones [2, 8, 10]. Because hepatobiliary scintigra- 
phy has demonstrated potential for greater specificity (93 vs 
64%) and predictive value (77 vs 40%) [11], we were inter- 
ested in exploring ways to increase its convenience by reduc- 
ing the time to perform the study adequately. 

The failure of radiopharmaceutical to enter an unobstructed 
gallbladder has been attributed to bile stasis within the gall- 
bladder resulting either from a decrease in bile output from 
hepatocellular damage, or decrease in the release of endog- 
enous cholecystokinin-pancreozymin from prolonged fasting 
[3]. In the latter case, the absence of repeated stimulation to 
contract and refill is postulated to leave the gallbladder slug- 
gish and distended, unable to accept additional bile or radio- 
pharmaceutical [9]. In chronic cholecystitis, thick, concen- 
trated bile or sludge in a full gallbladder is thought to impede 
diffusion of the radiopharmaceutical [12]. Attempts to use 
cholecystokinin to promote emptying of the viscous bile have 
had little effect on the overall false-positive rate [3, 4, 7]. 

The administration of low-dose morphine approximately 40 
min after injection of the hepatobiliary radiopharmaceutical 
produces improved specificity in the diagnosis of acute cho- 
lecystitis without loss of sensitivity. Morphine causes contrac- 
tion of the spincter of Oddi [13]; as little as 2.5 mg IV has 
been reported to raise bile-duct pressure from 12.7 + 1.2 to 
20.0 + 2.4 cm of saline within 5 min [14]. Presumably, if no 
obstruction exists, this increased pressure is sufficient to 
divert the flow of bile or radiopharmaceutical into a sluggish, 
distended, or sludge-filled gallbladder, thereby avoiding false- 
positive results. Surgical and gross pathologic studies of 
acute cholecystitis have demonstrated obliteration of the cys- 
tic duct with or without the presence of an impacted calculus 
[15]. Consequently, one would not anticipate an associated 
increase in false-negative results with morphine-augmented 
cholescintigraphy. ` 

Our results support the findings of Choy et al. [7] on the 
utility of morphine-augmented cholescintigraphy. Further- 
more, in more than 100 administrations of morphine, we have 
encountered no evidence of side effects and no false-negative 
results in cases of acalculous cholecystitis. Consequently, we 
consider this procedure safe and effective in the diagnosis of 
calculous and acalculous cholecystitis. 
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Case Reports 





Anomalous Hepatic Duct Inserting into the Cystic Duct 


Steven H. Reid,’ Shao-Ru Cho,’ Chung-I Shaw,” and Mary Ann Turner’ 


In a review of 2052 cases from nine studies, Berci and 
Hamlin [1] reported an average prevalence of anomalous 
biliary ducts of 12%. In their own experience, the most 
common biliary anomaly is an anomalous right hepatic duct 
emptying into the common hepatic or the cystic duct. Puente 
and Bannura [2] reported a prevalence of congenital abnor- 
malities of the biliary. tract of 18.5% and of anomalous hepatic 
ducts of 6.5% in a study of 3845 operative cholangiograms. 

Three cases of an anomalous right hepatic duct (two cases 
of right aberrant hepatic duct and one case of right accessory 
hepatic duct) emptying into the cystic duct, identified by 
cholangiography, are presented. The first two cases were 
identified by intraoperative cholangiography, and the third was 
identified by preoperative ERCP. The importance of recogniz- 
ing this anomaly before cholecystectomy is emphasized. 


Case Reports 
Case 7 


An 82-year-old black woman was diagnosed with gallstones by 
sonography. An intraoperative cholangiogram showed clipping of the 
cystic duct just distal to its union with an accessory right hepatic 
duct (Fig. 1). Multiple stones were found in the distal common bile 
duct near the ampulla. 


Case 2 


A 21-year-old white woman presented with epigastric pain. Gall- 
stones were demonstrated by sonography. An intraoperative cholan- 
giogram demonstrated an aberrant right hepatic duct that emptied 
into the cystic duct (Fig. 2). 
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Case 3 


A 65-year-old white man presented with upper abdominal pain and 
elevated serum amylase. The patient was admitted with a provisional 
diagnosis of acute pancreatitis. Subsequent sonography showed 
multiple gallstones. No common duct stones were identified by ERCP. 
However, an aberrant right hepatic duct that emptied into the mid- 
portion of the cystic duct was found (Fig. 3). 


Discussion 


Normally, the right and left hepatic ducts converge at the 
porta hepatis to form the common hepatic duct. The right 
hepatic duct has two major branches: a dorsocaudal (poste- 
rior) branch and a ventrocranial (anterior) branch [3]. Anom- 
alous ducts can arise from either lobe of the liver, but those 
arising from the left lobe do not drain directly into the gall- 
bladder or the cystic duct, and, therefore, are not susceptible 
to damage during cholecystectomy [3]. Anomalous right he- 
patic ducts are important to identify on the preoperative 
cholangiograms. Failure to do so may result in inadvertent 
ligation or severing of the anomalous duct. Ligation of an 
anomalous hepatic duct can result in significant segmental 
biliary obstructoin with resultant obstructive cholangitis [1]. 
This can progress to sepsis with hypotension [3]. A severed 
anomalous hepatic duct can result in biliary fistula formation 
and bile leakage [2, 3], which can progress to bile peritonitis 
[1]. 

An aberrant right hepatic duct (cases 2 and 3) drains into 
the common hepatic or cystic duct. This is an important 
abnormality, secondary to an inhibition of the primitive intes- 
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Fig. 1.—Intraoperative cholangiogram demonstrating 
accessory right hepatic duct (arrowhead) draining 
small area of liver and emptying into midportion of 
cystic duct. Note position of metallic clip across the 
cystic duct distal to its union with accessory right 
hepatic duct. Ligation of cystic duct at location of clip 
allows normal biliary drainage postoperatively. Note 
filling of pancreatic duct with small rounded filling 
defect at junction of common bile duct and pancreatic 
duct, which represents impacted stone. 


tinal bud [2]. A less frequent ductal anomaly is an accessory 
right hepatic duct (case 1), which also can empty into the 
common hepatic or cystic duct. 

The occurrence of an anomalous right hepatic duct emp- 
tying into the cystic duct has been reported [1-6]. Puente 
and Bannura [2] reported that 177 (5%) cases in their study 
were aberrant hepatic ducts and 76 (2%) cases were acces- 
sory hepatic ducts, a total of 6.5% of anomalous biliary ducts. 
Berci and Hamlin [1] reviewed the literature and reported an 
average prevalence of anomalous biliary ducts of 12%. They 
also stated that an anomalous right hepatic duct emptying 
into the common hepatic or cystic duct was the most common 
biliary anomaly in their own experience. In 2 years, we have 
encountered three cases of an anomalous right hepatic duct 
emptying into the cystic duct. During that period, 112 ERCP 
and 155 intraoperative cholangiograms were performed in our 
institutions. In two of the three cases presented (cases 1 and 
3), the anomalous right hepatic duct drained a small portion 
of the liver and emptied into the midportion of the cystic duct 
(Figs. 1 and 3). In the third case (case 2), the anomalous right 
hepatic duct consisted of two major branches, which drained 
a large portion of the liver. This duct also emptied into the 
midportion of the cystic duct (Fig. 2). When cholecystectomy 
is performed in patients with this anomaly, ligation of the 
cystic duct must be performed between the gallbladder and 
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Fig. 2.—Intraoperative cholangiogram demonstrating Fig. 3.—Preoperative endoscopic re- 
aberrant right hepatic duct (arrow) draining large area trograde cholangiogram demonstrates 
of liver and emptying into midportion of cystic duct. aberrant right hepatic duct (arrow) 
Aberrant duct contains two major branches. 


emptying into midportion of cystic duct. 


the junction of the anomalous right hepatic duct with the 
cystic duct. This will ensure normal drainage of the anomalous 
right hepatic duct into the common bile duct. 
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Technical Note 





Value of Flow Technique for Double-Contrast Examination 


of the Stomach 
Yoichi Kikuchi,’ 
In performing double-contrast upper-gastrointestinal ex- 


aminations, we have found intentional manipulation of a thin 
barium pool extremely helpful for demonstrating lesions on 


the posterior gastric wall. Allowing a thin layer of barium to | 


flow across the dependent surface of the stomach during the 
double-contrast examination has been referred to as “flow 
technique” by Engelhoim of Brussels [1]. In our experience, 
flow technique has led to improved detection and characteri- 
zation of subtle protruded or depressed lesions on the de- 
pendent wall of the stomach. As a result, we have incorpo- 
rated this technique into our routine double-contrast exami- 
nation. The advantages of this technique and a simple method 
for its performance are described. 


Method 


Double-contrast upper-gastrointestinal studies are routinely per- 
formed at our hospital, by using the technique previously described 
by Laufer [2, 3]. During the fluoroscopic examination, spot films of 
the stomach are obtained with the patient in supine, left posterior 
oblique (with respect to the table top), right posterior ‘oblique, and 
right lateral positions. After the lateral view is obtained, “uphill” flow 
technique is performed by turning the patient onto his or her back 
and then slowly into a left posterior oblique position. This maneuver 
causes the barium pool to flow gradually from the antrum toward the 
body and fundus of the stomach. While the flow of barium is carefully 
monitored under fluoroscopy, 4-on-1 spot films of the upper and 
lower body and antrum of the stomach are obtained. These radi- 
ographs are deliberately taken while the posterior wall of the body 
and antrum are covered by a thin layer of barium to delineate shallow 
depressed or protruded lesions in this region (Fig. 1). Subsequently, 
“downhill” flow technique is performed by observing the stomach 
fluoroscopically as the patient is slowly turned to the right posterior 
oblique position. This maneuver causes the barium pool to flow from 
the fundus along the lesser curvature and posterior wall into the 
antrum, showing any lesions high on the lesser curvature of the 
stomach (Fig. 2). However, spot films of the region are only obtained 
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when an abnormality is suspected fluoroscopically. The maneuvers 
required for uphill and downhill flow technique add one or two 
radiographs and about 30 sec of fluoroscopic time to me double- 
contrast examination. 


Discussion 


The double-contrast technique for an upper-gastrointestinal 
examination has been well described [2, 3]. Some authors 
favor a biphasic examination in which the double-contrast 
portion of the study is followed by single-contrast prone and 
upright compression views of the stomach and duodenum to 
better show anterior wall lesions [4, 5]. We routinely perform 
a biphasic upper-gastrointestinal examination at our hospital. 
However, we have also incorporated “flow technique” into our 
routine double-contrast study to better delineate lesions on 
the posterior wall and high on the lesser curvature. 

In our experience, “uphill” flow technique can be used to 
facilitate detection of protruded or depressed lesions on the 
posterior gastric wall. Shallow protruded lesions such as 
varioliform erosions, polyps, and plaquelike carcinomas on 
the dependent surface may be recognized as radiolucent filling 
defects in the surrounding barium pool (Fig. 1B). In contrast, 
depressed lesions such as shallow ulcers or ulcerated carci- 
nomas on the dependent surface may trap barium, producing 
a localized collection. In some cases, small, subtle, protruded 
or depressed lesions demonstrated by flow technique may 
not be visible on the initial double-contrast views (Fig. 1A). 

“Downhill” flow technique is used primarily to demonstrate 
lesions high on the lesser curvature of the stomach. Subtle 
lesions in this region can be missed or misinterpreted on 
routine double-contrast radiographs (Fig. 2A). Because of the 
overlying rib cage, it is also difficult to obtain prone or upright 
compression views of this area. However, shallow ulcers or 
plaques, especially those extending from the lesser curvature 
onto the posterior wall, may be well delineated by this ma- 
neuver (Fig. 2B). 


t All authors: Department of Radiology, Hospital of the University of Pennsylvania, 3400 Spruce St., Philadelphia, PA 19104. Address reprint requests to M. S. 
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Flow technique is also useful for evaluating the nature and 
location of “ring shadows” in the stomach. A ring shadow 
may represent a variety of lesions, including a protruded or 
depressed lesion on the nondependent surface or a shallow 
depressed lesion on the dependent surface [6]. With flow 
technique, however, depressed lesions on the dependent 
surface should fill with barium, producing a discrete niche or 
collection. However, lesions on the nondependent surface 
should still be visible as ring shadows through the thin barium 
pool. In such cases, prone compression views should differ- 
entiate protruded from depressed lesions on the anterior 
gastric wall. 

In difficult cases, flow technique can be adapted for evalu- 
ating anterior wall lesions in the stomach or lesions elsewhere 
in the gastrointestinal tract, particularly the colon, where it is 
possible to control and manipulate the barium pool. As a 
result, this technique may lead to improved detection of 
dependent-wall lesions throughout the gastrointestinal tract. 

In summary, we believe that flow technique is a valuable 
adjunct to the routine double-contrast examination of the 
stomach, providing significant diagnostic information about 
lesions that are on the posterior wall and or high on the lesser 
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Fig. 1.—A, Double-contrast view of antrum 
shows irregular, nodular mucosa without dis- 
crete lesions. 

B, Uphill-flow technique of antrum shows nu- 
merous varioliform erosions manifested by cir- 
cular filling defects (arrows) in barium pool due 
to mound of edema surrounding central part of 
erosion. Even in retrospect, these lesions are 
barely discernible on earlier double-contrast 
view. 


Fig. 2.—A, Radiograph of gastric body shows 
questionable area of mucosal irregularity high 
on lesser curvature, difficult to characterize on 
this initial double-contrast view. 

B, Downhill-flow technique of same region has 
resulted in filling of shallow, irregular ulcer (ar- 
rows) on posterior wall near lesser curvature. 
Endoscopy confirmed presence of an ulcer high 
on lesser curvature. 


curvature with only a small increase in examination time and 
radiation exposure. 
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UCSF Interventional Radiology 
Rounds 





Angiographic Management of Upper Gastrointestinal 


Hemorrhage 


Robert K. Kerlan, Jr.,""* Anton C. Pogany, "° Dana R. Burke," and Ernest J. Ring’ 


This is a selection from the Interventional Radiology Rounds 
of the University of California, San Francisco. The discussion 
focuses on problems encountered with the diagnosis and 
management of upper gastrointestinal hemorrhage. 

Dr. Burke.—A 53-year-old woman had a history of inter- 
mittent upper abdominal pain since childhood. At age 23 she 
was diagnosed as having chronic pancreatitis. The patient 
underwent numerous surgical procedures for recurrent ab- 
dominal pain, including a cholecystectomy in 1966, a gastro- 
jejunostomy in 1968, and a pancreaticojejunostomy in 1971. 

in 1978, at age 47, the patient developed jaundice. Trans- 
hepatic cholangiography revealed a high-grade stricture of 
the distal common bile duct. A choledochojejunostomy was 
performed; however, in 1980 the upper abdominal pain re- 
curred. An upper gastrointestinal series disclosed ulceration 
at the gastrojejunal anastomosis, and a surgical revision of 
the gastrojejunostomy was performed. Unfortunately, the ab- 
dominal pain was not relieved, and 8 months later she under- 
went a total pancreatectomy and incidental splenectomy. 

One year later the patient was readmitted to the hospital 
for abdominal pain. Upper gastrointestinal endoscopy re- 
vealed a deep ulceration at the gastrojejunai anastomosis. 
Despite intensive medical management, the pain persisted, 
and an erythematous area developed on her anterior abdom- 
inal wall. This area became fluctuant, and it was incised in the 
Operating room. Purulent material was evacuated, and sur- 
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gical drains were.placed. One week later the drainage fluid 
became bilious, and an upper gastrointestinal series was 
performed (Fig. 1). 

Dr. Kerlan.—Dr. Pogany, how would you interpret this 
study? 

Dr. Pogany.—The gastric remnant is very irregular with 
thickened folds in its distal segment. A fistulous tract is 
originating from the lesser curvature and extending to the 
anterior abdominal wall. 

Dr. Burke.—Five days later while walking on the ward, the 
patient collapsed and was found on the floor with copious 
amounts of blood pouring from her fistulous tract. She was 
unconscious, and her systolic blood pressure was 60 mm Hg. 
Diastolic blood pressure could not be determined. 

Manual compression was applied to the drainage site, and 
IV fluids were administered. The bleeding stopped, and her 
blood pressure returned to the normal range. A nasogastric 
tube was put into place, and numerous blood clots were 
removed from the stomach. 

Dr. Kerlan.—Dr. Pogany, from where do you think this 
bleeding was originating? 

Dr. Pogany.—The bleeding was coming from a fistulous 
tract that communicated with the stomach, as confirmed by 
the presence of blood also found in the stomach. The two 
leading possibilities are hemorrhage from the fistulous tract 
itself or bleeding from the stomach that flowed out through 


1 All authors: Department of Radiology, Interventional Radiology, Rm. M-361, University of California, San Francisco, 501 Parnassus Ave., San Francisco, CA 


94143-0628. Address reprint requests to E. J. Ring. 


2 Present address: Radiology Department, Scripps Memorial Hospital, 9888 Genesee, San Diego, CA 92037. 


3 Present address: Alta Imaging Group, 2510 Webster St., Berkeley, CA 91703. 
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Fig. 1.—Frontal radiograph from upper gastrointestinal series shows an 
ulceration along the distal lower curve of gastric remnant (arrow). A sinus 
tract (arrowheads) extends from stomach to anterior abdominal wall. 
Gastrojejunal anastomosis is not shown. 


the fistulous tract. The latter is the more reasonable possibility 
because hemorrhage from a well-formed fistulous tract ex- 
tending to the anterior abdominal wall is quite unusual. 

Dr. Kerlan.—Dr. Ring, what is your approach to treating 
patients with upper gastrointestinal hemorrhage? 

Dr. Ring.—Upper gastrointestinal hemorrhage is an in- 
triguing problem, and many techniques are available for di- 
agnosis and treatment. From a clinical perspective, it is im- 
portant to remember that bleeding will stop spontaneously in 
up to 75% of patients with supportive therapy and bed rest 
[1, 2]. However, it is clearly important to establish the source 
of bleeding in patients with significant gastrointestinal hem- 
orrhage. 

Recently, endoscopy has become the most efficient method 
for identifying the source of gastrointestinal hemorrhage. At 
our medical center all patients with significant upper gastroin- 
testinal bleeding undergo endoscopy as the initial diagnostic 
test. With a diagnostic accuracy between 75% and 90% [3- 
5], endoscopy provides information regarding the cause as 
well as the site of bleeding. 

Emergency arteriography has been relegated to a rather 
specific role in the diagnosis and management of gastrointes- 
tinal hemorrhage. Currently, we use arteriography for patients 
with bleeding unresponsive to conservative measures when 
(1) endoscopy and nuclear medicine imaging have failed to 
localize the bleeding site accurately, and the consulting sur- 
geon desires more specific information; and (2) hemorrhage 
originates from a known area, but transcatheter infusion or 
embolization therapy is desired to control the bleeding. 

Dr. Kerlan.—Dr. Ring, which patients are appropriate can- 
didates for attempting control of upper gastrointestinal bleed- 
ing using transcatheter techniques? 
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Dr. Ring.—Transcatheter techniques have proven very ef- 
fective for management of bleeding related to Mallory-Weiss 
tears, gastric ulcers, and gastritis [6-10]. In comparison, this 
form of therapy is relatively ineffective for bleeding duodenal 
ulcers [6, 11]. 

However, the clinical status of the patient must also be 
considered. With elderly patients, attempts at transcatheter 
control of hemorrhage may be indicated even if the bleeding 
is Originating from an unfavorable site. 

The patient we are discussing would appear to be a good 
candidate for angiographic therapy. The bleeding likely is 
originating from the stomach, and the numerous previous 
Surgical procedures would make another operation in this 
area extremely difficult. 

Dr. Kerlan.—Twenty-four hours later the patient experi- 
enced a second major episode of bleeding. Gastroscopy was 
performed, but the bleeding site could not be identified. She 
was brought to the angiography suite where a celiac and 
superior mesenteric arteriogram were performed (Fig. 2). Dr. 
Pogany, what is your interpretation of the study? 

Dr. Pogany.—The anatomy of the celiac axis is very dis- 
torted, and the left gastric artery, right hepatic artery, and 
gastroduodenal artery are occluded. A relatively large vessel 
Originates from the distal common hepatic artery and courses 
from right to left to supply the gastric remnant. No extrava- 
sation is demonstrated, but an aneurysm is present in the 
middle of this vessel. 

Although the general appearance of the vessel suggests 
splenic artery, an oblique view confirms that this vessel is 
actually a right gastric artery that has enlarged to act as a 
source of collaterals because of occlusions involving the other 
branches supplying the stomach. 





Fig. 2.—Midarterial phase of selective celiac injection shows splenic, 
left gastric, gastroduodenal, and right hepatic arterial occlusions. Aneu- 
rysm (arrow) is present in middle of right gastric artery. 
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Dr. Kerlan.—Do you always recommend beginning upper 
gastrointestinal bleeding studies with a celiac arteriogram? 

Dr. Pogany.—A celiac arteriogram should be performed as 
the initial study in patients with upper gastrointestinal bleeding 
only when there is history of prior gastric surgery and the 
anatomy may be altered. However, in a patient with endo- 
scopic evidence of gastric bleeding but without prior surgery, 
| begin with a selective left gastric injection, as more than 
80% of gastric arterial hemorrhage is in the distribution of this 
vessel [12]. If the left gastric injection fails to reveal a bleeding 
site, | proceed to a celiac injection followed by selective 
splenic, hepatic, and superior mesenteric arteniograms, as 
necessary. 

Dr. Kerlan.—What do you believe is the source of hemor- 
rhage in this patient? 

Dr. Pogany.—| do not detect any evidence of active extra- 
vasation at this time. However, on close inspection, a small 
ring of barium surrounds the aneurysm of the right gastric 
artery. When a radiograph from the previous upper gastroin- 
testinal examination is compared to the arteriogram (Fig. 3), 
it is evident that the persistent barium is in the fistulous tract, 
contiguous with the ulcer, and that the aneurysm is located 
centrally within it. Therefore, | would assume that the ulcer 
has eroded into the right gastric artery causing a false aneu- 
rysm and that intermittent leakage from the aneurysm is the 
cause of the patient’s recurrent hemorrhage. 

Dr. Kerlan.—Dr. Ring, what are the therapeutic alternatives 
for this patient? 

Dr. Ring. —Gastrointestinal hemorrhage can be controlled 
either through vasopressin infusion [13-15] or embolization 
[16-18]. Vasopressin appears to work well when superficial 
mucosal erosions are present; however, such infusion therapy 
would be unlikely to benefit this patient, whose bleeding 
originates from a large artery with an aneurysm that is prob- 
ably mycotic. 

Embolization is an alternative treatment, but in this patient 
the right gastric artery appears to be the sole arterial blood 
supply to the stomach. Although gastric infarction is a very 
rare complication of gastric embolization, this patient is un- 
doubtedly at greater risk when compared with a patient who 
has conventional arterial anatomy. The degree of risk is 
difficult to estimate, but embolization in this case would 





A 


Fig. 3.—Close-up views of ulcer and ringlike barium collection (arrows). 


A, Spot film from upper gastrointestinal series shows marginal ulcer. 
B, Preliminary film from angiogram shows residual barium in crater. 


C, Celiac artery injection shows pseudoaneurysm in center of ulcer crater. 
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appear to be somewhat analogous to embolization of a su- 
perior mesenteric or inferior mesenteric arterial branch. Al- 
though embolization of these vessels can be performed safely 
in some circumstances, some cases result in intestinal infarc- 
tion. 

Dr. Kerlan.—What embolic materials would you recom- 
mend? 

Dr. Ring.—I|n most cases of embolization for gastrointes- 
tinal bleeding, Gelfoam (Upjohn, Kalamazoo, MI) cut into small 
pledgets is the material of choice. However, in this case, the 
bleeding originates from a relatively large artery. The ideal 
treatment would be to place occluding spring emboli or de- 
tachable balloons both proximal and distal to the aneurysm 
to avoid the necessity of occluding the smaller distal arteries 
and to decrease the possibility of gastric infarction. 

Dr. Kerlan.—Dr. Burke, what approach was selected to 
treat this patient? 

Dr. Burke. —We discussed the case with the referring sur- 
geon, and, despite the possibility of gastric infarction, we 
were urged to attempt occlusion of the aneurysm. 

Although the origin of the right gastric artery could be 
selectively catheterized, we could not advance the catheter a 
sufficient distance into the vessel to ensure safe delivery of 
an occluding spring embolus. However, as a result of catheter 
manipulation, a small intimal flap developed at the origin of 
the right gastric artery. The decision was made to attempt 
occluding the vessel by intentionally extending the dissection 
flap with a guidewire. This maneuver was successful (Fig. 4). 
The flap also extended proximally into the common hepatic 
artery. 

After the procedure, the patient's blood pressure stabilized, 
and she experienced no further episodes of bleeding. Mild left 
upper quadrant discomfort developed but resolved sponta- 
neously the next day. After 10 days of nasogastric suction, 
the fistula closed. She has subsequently done well, with no 
recurrence of abdominal pain during the 14-month follow-up 
period. 


Comment 


The role of angiography in the diagnosis and treatment of 
upper gastrointestinal bleeding has changed dramatically over 
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Fig. 4.—Midarterial phase of common hepatic arteriogram shows dis- 
section flap (arrowheads) extending into proximal segment of right gastric 
artery (arrows), which is occluded and remains partially opacified by 
contrast material persisting from injection made during dissection maneu- 
ver. Note filling of peripheral hepatic arteries. 


the past 5 years. The widespread application of flexible 
panendoscopy has reduced the number of angiograms per- 
formed for localization of bleeding sites. Moreover, the devel- 
opment of effective medication to block histamine-2 receptors 
has decreased the incidence of serious gastric hemorrhage. 
Nevertheless, in selected patients therapeutic angiography 
continues to be a valuable and effective form of management. 

This case is unusual in two respects. First, the gastric 
arterial anatomy had been extensively modified by the pre- 
vious surgical procedures. Second, the bleeding was origi- 
nating from a large artery as opposed to smaller arterial and 
arteriolar sources, which are the common sources of gastric 
hemorrhage. 

Ideally, occlusion of an artery of this size would entail 
deposition of the detachable balloon or coils both proximal 
and distal to the suspected site of hemorrhage. However, as 
with any interventional radiologic procedure, occasionally 
there are technical limitations to catheter manipulations that 
prevent attainment of the ideal goal. Fortunately, in this case, 
intentional dissection proved to be an effective alternative 
method for occluding the bleeding vessel. 
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Distal Ureteral Calculi: 
Diagnosis by Transrectal Sonography 





Eight patients were studied by both transrectal sonography and excretory urography 
for the presence of distal ureteral calculi. The sonographic diagnosis was correct in 5 
of 5 true positives and 3 of 3 true negatives. Urography was correct in 4 of 5 true 
positives and 2 of 3 true negatives. None of the sonograms and two of the urograms 
were considered equivocal. Transrectal sonography appears to be a useful adjunct for 
the diagnosis of distal ureteral calculi when excretory urography is equivocal or con- 
traindicated. 


Excretory urography is accurate for diagnosing hydronephrosis and hydroureter 
and for demonstrating the level of distal ureteral obstruction, but occasionally it 
fails to establish the cause [1]. Small and/or radiolucent ureteral calculi may not 
appear on plain abdominal radiographs or urograms. Pelvic phleboliths and bowel 
contents may obscure the calculus. Obstruction by edema from recent passage of 
a calculus may be inferred from urograms, but unless the calculus is recovered the 
diagnosis is uncertain. If excretory urography does not identify the cause of distal 
ureteral obstruction, cystoscopy, antegrade or retrograde pyelography, or CT scans 
may be required for further evaluation. 

A prospective study in eight patients with renal colic was undertaken to evaluate 
transrectal sonography for directly identifying distal ureteral calculi. These patients 
had a high probability of having distal ureteral calculi. In addition, a retrospective 
study in patients with a low probability was performed by reviewing 234 transrectal 
sonograms from patients under evaluation for prostate disease or rectal cancer. 


Subjects and Methods 


The transrectal ultrasound probe is a prototype manufactured by Toshiba Medical Systems 
(Tustin, CA). Designed for prostate and bladder examinations, it can operate with either a 
Toshiba SAL-20A or SAL-30 linear-array ultrasound analog unit. The probe is 2 cm in diameter 
and 15 cm in length; it has a 64-element, 3.5-MHz linear-array transducer focused at 3 cm. 
In use, the probe is covered by a latex condom filled with water.to provide optimal acoustic 
coupling after rectal insertion. Informed consent was obtained. During the examination, the 
probe was rotated to view the rectal wall, the perirectal region, the inferior portion of the 
bladder, the prostate, and the seminal vesicles. All studies were performed by physicians, 
lasted approximately 5 min, and were done with the patient in the knee-elbow position. 
Patient tolerance of the examination was excellent. Only two out of 244 patients reported 
more discomfort than from a digital rectal examination. No complications were encountered. 

The eight patients with renal colic (four men, four women, 34-85 years old) were examined 
with transrectal sonography for the presence of a lower ureteral calculus within 2 days after 
excretory urography. The urograms showed distal ureteral obstruction in all eight patients. In 
three, a definite calculus noted on urography was known at the time of transrectal sonography. 
The cause of the obstruction on the other five patients was unknown at the time of the 
sonogram. The final diagnosis of a distal ureteral calculus was documented by urography, 
cystoscopy, clinical follow-up, or surgery. 
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Criteria for diagnosis of distal ureteral calculi on transrectal sonog- 
raphy were (1) identification of a highly echogenic reflector with a 
distinct distal shadow located between the seminal vesicles and 
bladder in men (Fig. 1), or between the bladder and vagina or uterus 
in women (Fig. 2), and (2) a history of renal colic and/or a dilated 
ureter proximal to the shadowing reflector. 


Results 


Transrectal sonography showed distal ureteral calculi in 
five of the eight patients with renal colic. All five had the calculi 
confirmed, four by excretory urography and one by cystos- 
copy. The remaining three patients proved not to have calculi, 
two by urography and the clinical course, and the third by 
surgical exploration that confirmed the absence of a calculus. 
Only four calculi were detected by urography. These varied 
in size from 2 to 8 mm, as measured on the urogram, although 
they appeared larger on transrectal sonography (5-11 mm). 
The one radiolucent calculus measured 8 mm by transrectal 
sonography. 

None of the transrectal sonograms were considered equiv- 
ocal. The urographic diagnosis was correct in four of five 
patients with calculi and two of three without calculi. Two of 
the urograms showed evidence of distal ureteral obstruction 
but were equivocal for the presence of a calculus; one of 
these had a uric acid calculus at cystoscopy and the other 
had no calculus at surgery. The latter patient, who had a 
questionably positive urogram followed by a normal transrec- 
tal sonogram, might have passed a calculus during the interval 
between examinations, although the patient's pain had sub- 
sided 1 day before the urogram. 

Although in three patients the diagnosis was known before 
transrectal sonography on the basis of urography, this knowl- 
edge is unlikely to have influenced the interpretation of the 
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transrectal sonograms because the diagnostic criteria for 
calculi were readily apparent. 

Review of the 234 transrectal sonograms performed pri- 
marily for prostate disease yielded only three patients with 
findings suspicious for distal ureteral calculi. These patients 
had echogenic reflectors with distal acoustic shadows adja- 
cent to the seminal vesicles and bladder (criterion 1). Although 
none had recent symptoms of renal colic, and proof of distal 
ureteral calculi was lacking, two gave Clinical histories con- 
sistent with earlier episodes of renal colic without recovery of 
a calculus, Suggesting it was lodged in the distal ureter. In 
one patient, calcifications of the vas deferens (diagnosed by 
plain film) satisfied the reflector criterion but there was no 
history of renal colic or hydroureter (criterion 2). The remaining 
231 patients showed no transrectal sonographic or clinical 
evidence of distal ureteral calculi. 


Discussion 


The diagnosis of distal ureteral calculi by using transabdom- 
inal sonography performed through a distended urinary blad- 
der has recently been reported [2, 3]. Although 79% of calculi 
at the ureterovesical junction were detected by this technique, 
compared to 68% by excretory urography, only 25% of the 
calculi were observed directly by sonography [3]. The remain- 
ing 75% were inferred by the presence of moderate hydro- 
nephrosis and/or hydroureter on the symptomatic side. These 
criteria may not be adequate: Another report found that only 
65% of patients with acute ureteral colic show hydronephrosis 
by sonography [4]. Thus, direct visualization of the obstruct- 
ing calculus by transrectal sonography may provide a more 
reliable diagnosis than the presence of hydronephrosis or 
hydroureter. 





Fig. 1.—A, B, Transrectal sonograms in men, longitudinal projection with patients prone, heads to 
left. B = bladder; P = prostate; SV = seminal vesicles; L = fluid-filled condom containing transducer. 
Ureteral calculi present at the ureteral vesicle junction (thick white arrow). Note acoustic shadow 


caused by calculi (Jong white arrows) in A, arrowheads in B). 


Fig. 2.—Transrectal sonogram in woman, 
same orientation as Fig. 1. V = vagina; B = 
bladder; L = fluid-filled condom containing trans- 
ducer; arrowheads = ureter. Ureteral calculus 
(arrow) visible at ureteral vesicle junction. Ra- 
diolucent calculus was removed at cystoscopy. 
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Location of the distal ureter in men between the water-filled 
condom in the rectum and the urine-filled bladder, or between 
the uterus and urine-filled bladder in women, invariably pro- 
vides an ideal sonic window for identification of distal ureteral 
calculi by transrectal sonography. Acoustic shadowing of 
distal ureteral calculi may be reliably detected because the 
shadow interrupts the bladder (Figs. 1 and 2). Shadow from 
a ureteral calculus imaged transabdominally may be difficult 
to perceive if the shadow is obscured by bowel gas. The 
bladder/urine interface, along with the excellent sonographic 
window provided by the fluid-filled condom surrounding the 
transrectal probe and the shorter soundpath (better lateral 
resolution), probably accounts for our high percentage of 
direct visualization (100%) of distal ureteral calculi by trans- 
rectal sonography, compared with approximately 25% re- 
ported by the transabdominal approach [3]. 

The caiculi measured 0-3 mm larger on transrectal sonog- 
raphy than by urography. This discrepancy may be due to 
differences in orientation of the measured axis of the calculus, 
lateral beam-width uncertainty introduced by the sonographic 
transducer, or echogenic laminated material covering the 
radiopaque portion of the calculus. 

in our experience, asymptomatic distal ureteral calculi are 
rare incidental findings on transrectal sonography. Calculi 
have been reported to lodge in the distal ureter without 
causing pain or obstruction [5] and without ureteral dilatation 
[2, 5]. Shadowing reflectors without continuity to dilated 
proximal ureters are equivocal for distal ureteral calculi in 
asymptomatic patients and may be due to phleboliths, calci- 
fied vas deferens, or nonobstructing calculi. In men, the vas 
deferens may occasionally appear as hypoechoic tubular 
structures (not associated with highly echogenic reflectors) 
adjacent to the seminal vesicles. The van deferens can be 
differentiated from a dilated ureter by their bilaterality and 
small size. 
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In this study, transrectal sonography shows promise for 
the diagnosis of distal ureteral calculi. Although the number 
of patients with calculi is small, the study suggests that 
transrectal sonography can accurately confirm the presence 
or absence of a calculus in the distal ureter. in addition to 
diagnosis, transrectal sonography may be valuabie for moni- 
toring passage of a calculus or as part of an interventional 
procedure. CT or cystoscopy may also document the pres- 
ence of a calculus, but these procedures are more expensive 
or more invasive, respectively. Transrectal sonography shouid 
be considered an adjunct to urography in patients presenting 
with renal colic and distal ureteral obstruction of uncertain 
cause. In cases when urography should not be performed 
(i.e., pregnancy, contrast media allergy, lack of peripheral 
venous access), transrectal sonography is a sensitive exam- 
ination for diagnosis of distal ureteral calculi and it comple- 
ments abdominal sonography. 
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Simultaneous Pancreatic- 
Renal Transplant 
Scintigraphy 





smTe-DTPA scintigraphy was evaluated in seven patients as a technique to assess 
perfusion of the transplanted pancreas and kidney. Such scans provide high-quality 
images of both organs in both the flow phase and later phases. The radionuclide is 
readily available and its brief effective half-life allows repeated evaluations at short 
intervals. *'I-hippuran, the major radiopharmaceutical for renal transplant scintigraphy, 
does not allow visualization of the transplanted pancreas or evaluation of its biood 
supply. Although the blood glucose is a gross indicator of the function of the pancreatic 
allograft, pancreatic scintigraphy with *™T¢-DTPA in one case was capable of detecting 
graft dysfunction before elevation of the blood glucose occurred. While additional 
studies will be necessary to determine the predictive value of this test, ST e-DTPA is 
valuable for pancreatic-renal transplant evaluation. 


Despite unfavorable results in the past, pancreatic transplantation continues to 
offer hope for physiologic control of blood glucose in diabetic patients. The 
immunosuppressive agent, cyclosporine, and improved surgical techniques have 
combined to provide a 40% 1-year pancreatic graft survival for those transplanted 
in 1983 and 1984 [1]. As pancreatic transplantation becomes more frequent, the 
availability of a noninvasive scintigraphic means of assessing function assumes 
increasing importance. Radionuclide scintigraphy of pancreatic transplants has 
been impaired by the lack of agents that specifically localize to exocrine pancreatic 
tissue. 7>Se-methionine may provide images of functioning pancreatic tissue but 
the low photon flux does not allow direct evaluation of blood flow [2]. '"'In-oxine 
platelets have been used to detect allograft rejection in people and dogs, but 
neither flow nor function can primarily be assessed by this method [3, 4]. 

Hahn et al. [5] recently reported the utility of °°" Tc-DTPA in evaluating vascular 
compromise or rejection in pancreatic grafts of two patients. This paper describes 
the University of Michigan experience in which °°"Tc-DTPA was used for simulta- 
neous pancreatic-renal transplant scintigraphy and its value in monitoring graft 
function. 


Methods and Case lilustrations 


Seven patients with diabetes mellitus complicated by end-stage renal disease that required 
dialysis have received simultaneous cadaveric pancreatic-renal allografts at the University of 
Michigan. in five patients, both organs remain functional 10, 4, 4, 2, and Y2 months after 
transplantation. Initial pancreatic-renal transplant scintigraphy was performed within 48 hr of 
surgery, with subsequent scans as clinically indicated. Flow to the organs was assessed by 
the bolus administration of 10-15 mCi (370-555 MBq) “"Tc-DTPA. Images were acquired 
every 2 sec for 60 sec, by using a large field-of-view gamma camera with a high-energy 
collimator interfaced with a computer. Serial 1-min images were then collected for 30 min. 
Upon completion of the ““"Tc-DTPA acquisition, 0.25 mCi (9.25 MBa) -hippuran was 
injected. Serial 1-min images were acquired for 45 min. The following cases illustrate the 
scintigraphic findings in functioning and nonfunctioning transplants. 
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Patient 1 


A 33-year-old man with insulin-dependent diabetes mellitus, com- 
plicated by hypertension, retinopathy, neuropathy, and renal failure, 
began hemodialysis in 1981. He underwent splenectomy in 1982 as 
part of a pretransplantation protocol elsewhere. In June 1985, he 
received a cadaveric pancreatic-renal transplant, with the kidney 
placed in the right iliac fossa and the whole pancreas in the left. The 
pancreatic exocrine secretions were drained by using a periampullary 
“button” of donor duodenum into the urinary bladder. The grafts were 
tolerated well except for one episode of rejection that was treated 
successfully with large doses of glucocorticoids. Blood glucose rap- 
idly became normal and the patient has not required supplemental 
insulin. Figure 1 shows the *"Tc-DTPA transplant scan obtained 
approximately 1 month postoperatively. Perfusion to the grafts (Fig. 
1A) was excellent, and delayed images (Fig. 1B and 1C) showed 
substantial clearance of pancreatic activity over 20 min. However, 
'S'|-hippuran excretion study did not show visualization of the pan- 
creas (Fig. 2). Nine months after transplantation, serum creatinine is 
2.1 mg/dl and blood glucose 84 mg/dl. 


Patient 2 


A 38-year-old man with insulin-dependent diabetes mellitus for 20 
years complicated by retinopathy, atherosclerotic heart disease, neu- 


SHULKIN 





AJR:147, December 1986 


Fig. 1.—*°"Tc-DTPA scintigrams of patient 1. 

A, Flow study (2 sec/frame)—excellent per- 
fusion of both the pancreatic (arrow) and renal 
transplants. 

B, Image acquired 1 min after injection shows 
persistence of radioactivity in both organs. 

C, Image collected at 18 min shows decline in 
pancreatic radioactivity and appearance of blad- 
der activity. 


ropathy, and renal failure was admitted for peritoneal dialysis. Early 
in his hospitalization, a donor pancreas-kidney became available. It 
was transplanted to the right iliac fossa, and the whole pancreas and 
donor spleen were transplanted to the left iliac fossa. The pancreatic 
exocrine secretions were drained through a C-loop of donor duo- 
denum into the recipient's small bowel. Postoperatively, the patient 
suffered abdominal pain, swelling, and acidosis requiring large 
amounts of fluids, bicarbonate, and insulin. 

A pancreatic-renal flow study was performed that evening (Fig. 
3A). The functional renal transplant was evident in the right iliac fossa 
but no perfusion appeared in the area of the pancreas-spleen. Delayed 
images (Fig. 3B) showed a lack of radionuclide accumulation in the 
left iliac fossa extending superiorly into the abdomen. Because of the 
scintigraphic findings and Clinical deterioration, the pancreatic-splenic 
grafts were removed. Histologic examination revealed edema and 
venous thrombosis from malpositioning of the graft portal vein. Renal 
function remains good, with serum creatinine stable at 2.1 mg/dl. 


Patient 3 


A 30-year-old man with insulin-dependent diabetes mellitus for 26 
years, complicated by retinopathy, neuropathy, gastroparesis, and 
renal failure, underwent pancreatic-renal transplantation, with the 
kidney placed in the right and the pancreas in the left iliac fossa. 
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Fig. 2.—1-min images of patient 1 obtained at 
3 min (A) and 10 min (B) after administration of 
0.25 mCi (9.25 MBq) ‘*"I-hippuran, which is con- 
centrated in kidney, not in pancreas, unlike 
*™TC-DTPA. Ten-minute image shows bladder 
activity. 
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Pancreatic secretions were drained into the urinary bladder. Blood 
glucose fell promptly from 412 mg/dl preoperatively to 98 mg/dl 
within 6 hr of transplantation. Pancreatic-renal transplant scintigraphy 
was performed the following day and showed excellent visualization 
of the transplanted pancreas (Fig. 4). Serum creatinine declined to 
1.3 mg/dl, and fasting blood glucose declined to 101 mg/dl. On the 
seventh postoperative day, the fasting blood glucose was 107 mg/ 
dl, but the serum creatinine rose to 1.8 mg/dl. Repeat scintigraphy 
showed poor perfusion and visualization of the pancreas (Fig. 5). 
Renal biopsy showed moderate rejection. The patient was treated 
with high-dose steroids and antithymocyte globulin in addition to 
maintenance cyclosporine. Fasting blood glucose rose to 149 mg/dl 
and serum creatinine rose to 5.3 mg/dl on the 10th postoperative 
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Fig. 3.—A, Pancreatic-renal *™T¢-DTPA flow study (2 sec/frame) of patient 2. Although the trans- 
planted kidney has good perfusion, little radioactivity appears in left iliac fossa, site of unsuccessful 
pancreatic-spleen graft. 

B, 1-min image of abdomen of patient 2 obtained 8 min after injection of *™Tc-DTPA. Absence of 
radioactivity in left abdomen and pelvis results from massively edematous pancreas and absence of 
splenic perfusion. Functioning renal allograft is present in right iliac fossa. 


day. These values declined rapidly to 114 and 2.3, respectively, on 
the 14th postoperative day. The remainder of the hospital course 
was uncomplicated and the patient was discharged 21 days after 
surgery. Pancreatic-renal transplant scintigraphy was repeated on 
day 42, at which time the blood glucose was 101 mg/dl and the 
serum creatinine 1.8 mg/dl. Pancreatic perfusion and visualization 
(Fig. 6) were greatly improved. 


Discussion 


°™T¢-DTPA can provide high-quality simultaneous pan- 
creatic-renal transplant scintigraphy. Visualization of the pan- 
creas is excellent early after administration, and most activity 
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Fig. 4.—Pancreatic-renal scan of patient 3, 1 
min after injection of **"Tc-DTPA, 1 day after 
surgery. Excellent uptake by both organs (pan- 
creas denoted by arrow). Renal transplant func- 
tion as indicated by ‘'l-hippuran excretion was 
good (not shown). 


has cleared by 20 min after administration. The advantages 
of “’"Tc-DTPA include its high photon-emission rate, allowing 
evaluation of blood flow, and low radiation dose. Its routine 
use in renal studies makes it readily available. The brief 
biologic half-life permits repeated evaluations in short intervals 
if necessary. 

Toledo-Pereyra et al. [2] have previously suggested that 
pancreatic graft function is best assessed by the blood glu- 
cose level. Their studies, however, used ’°Se-methionine for 
scanning. As shown in case 3, scintigraphic abnormalities 
may precede functional impairment. Diminished perfusion of 
the pancreas was observed 2 days before elevation of the 
fasting blood glucose. Since pancreatic allograft rejection 
often accompanies renal allograft rejection [6], it seems likely 
that the decline in perfusion to the pancreas noted on the 
seventh postoperative day, along with the slight increase in 
blood glucose and serum creatinine, represented mild rejec- 
tion. Blood glucose was relatively well preserved, presumably 
because of the B-cell reserve of the nondiabetic pancreas, 
which requires destruction of >90% of B-cells before insulin- 
dependent diabetes mellitus occurs [7]. Although glucocorti- 
coids may impair carbohydrate metabolism, the decline in 
blood glucose after several days of glucocorticoid therapy 
supports a therapeutic rather than a causative role for these 
agents. 

As cases 2 and 3 show, the course and function of the 
pancreatic graft may be quite unlike that of the transplanted 
kidney. Thus, a sensitive means of detecting early pancreatic 
graft dysfunction is important to allow specific interventions 
before irreversible damage occurs. Although visualization of 
the transplanted pancreas appears to represent nonspecific 
blood-pool activity of °™Tc-DTPA, the location of the graft in 
the pelvis is well suited to its scintigraphic detection, adjacent 
to the readily identified kidney and bladder. Additional studies 
will be needed to determine how commonly pancreatic scin- 


Fig. 5.—Pancreatic-renal *°"Tc-DTPA study of 
patient 3 obtained 7 days after surgery. One-min- 
ute image shows poor accumulation of radiotracer 
by pancreatic transplant (arrow), interpreted as 
organ rejection. '*'l-hippuran excretion decreased 
compared with previous examination (not shown). 


Fig. 6.—Pancreatic-renal °™Tc-DTPA study of 
patient 3, 6 weeks after transplantation. One- 
minute image shows much improvement in pan- 
creatic visualization (arrow). 


tigraphy can predict rejection before changes in the blood 
glucose and whether quantification of radioactivity will suc- 
cessfully predict rejection before clinical detection [8]. Further 
Studies will also be necessary to determine whether this 
technique will allow differentiation of pancreatitis from rejec- 
tion, or whether more specific probes of immunologic activity, 
such as radiolabeled antibodies reactive with cytotoxic lym- 
phocytes, will be required [9]. At present, we believe °°"Tc- 
DTPA is the scintigraphic agent of choice for combined pan- 
creatic and renal transplants. 
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Uterine Duplication, Unilateral Imperforate Vagina, and 


Normal Kidneys 


James Johnson’ and Bruce J. Hillman 


Developmental abnormalities of the uterus are common 
anomalies, usually resulting from abnormal fusion of the 
paired Mullerian ducts during organogenesis. The complex of 
complete Müllerian duplication with unilaterally imperforate 
vagina is rare: Only 92 cases have been reported [1-4]. in 
each case that had evaluation of the urinary system, renal 
agenesis was shown on the side of the imperforate vagina 
[2, 3]. This report presents the unusual complex of complete 
uterine duplication, unilateral imperforate vagina, and devel- 
opmentaily normal urinary tracts. 


Case Report 


A 21-year-old primigravida woman sought routine prenatal care at 
13 weeks gestation. Pelvic examination revealed a large right-sided 
pelvic mass with displacement of the uterus to the left. A sonogram 
indicated the presence of a large cystic mass in the region of the 
right adnexa (Fig. 1). Limited excretory urography showed normal 
kidneys bilaterally except for mild right hydronephrosis and a gravid 
uterus, displaced out of the pelvis and to the left by a right lower 
quadrant mass (Fig. 2). 

At surgery, a large cystic mass was found near the right vaginal 
apex, and 1100 mi of purulent, sanguinous fluid were drained. A 
second cervix was visible at the apex of the mass. The walls of the 
mass had the appearance of vaginal rugae. The diagnosis was 
hematocolpos and hematometra arising in a completely duplicated 
uterus (Fig. 3). 

The patient's pregnancy continued without complications and she 
delivered a normal infant boy at 41 weeks gestation. 
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Discussion 


Only 92 cases of the complex of uterus dideiphys with 
unilateral imperforate vagina have been reported. All 67 cases 
in which the urinary tract was investigated showed renal 
agenesis on the side of the imperforate vagina [2, 3], as might 
be expected in view of the intimate developmental relationship 
shared by the genital and urinary systems. 

Some authors have postulated that the mesonephric ducts 
serve as a guide to the fusing of the paired Mullerian ducts 
[1, 5, 6]. Adopting this hypothesis, teratogenic insult affecting 
the mesonephric duct around 6 weeks after conception might 
well result in both abnormal Mullerian duct fusion-——resulting 
in uterus didelphys and septate vagina—and aborted induc- 
tion of the nephrogenic blastema by the mesonephric-duct— 
derived ureteric bud. Unilateral imperforate vagina in these 
cases may reflect unilateral failed invagination of the urogen- 
ital sinus that forms the distal third of the vagina, effectively 
resulting in a continuous separation from the vagina to the 
unresorbed septum derived of Mullerian origin (Fig. 3). 

The classification scheme proposed by Magee et al. [7] 
classifies urogynecologic malformations by the embryologic 
stage of the abnormal development. Type | anomalies result 
from nondifferentiation of the nephrogenic ridge (before 4 
weeks gestation) and result in unilateral or bilateral agenesis 
of the kidney and Mullerian structures. Type il anomalies 
occur during the fourth week of gestation, leading to an 
abnormal differentiation of the mesonephric duct and ureteral! 


! Both authors: Department of Radiology, University Medical Center, University of Arizona College of Medicine, Tucson, AZ 85734. Address reprint requests to 


B.J. Hillman. 
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Fig. 3.—Diagram of genital tract anomalies. 


bud. Patients with type Il anomalies manifest incomplete 
fusion of the Mullerian structures and subsequent off-center 
contact with the urogenital sinus, leading to unilateral imper- 
forate vagina. Type III anomalies involve nondifferentiation of 
the metanephric blastema from the nephrogenic cord at 4-6 
weeks gestation, resulting in renal agenesis without genital 
maldevelopment because mesonephric and Miullerian duct 
development are unaffected. 

This case represents a type Il anomaly with respect to the 
genital tract but without developmental abnormality of the 
urinary tract. The reasons this patient showed no concomitant 
renal agenesis are unclear; possibly Mullerian developmental 
abnormalities of this type may arise de novo without anteced- 
ent mesonephric duct abnormalities. 


JOHNSON AND HILLMAN 


AJR:147, December 1986 


Fig. 1.—Sonography shows oval 
cystic mass (arrows) 9.5 x 4.0 cm in 
right pelvis. Mass represents hemato- 
culpos. 


Fig. 2.—Excretory urography shows 
mild right pyelocalyceal biunting from 
extrinsic impingement by hematocul- 
pos (straight arrows). Fetal parts faintly 
seen on the left (curved arrow). 


The association between congenital urinary tract and gen- 
ital anomalies is common in women. Thompson and Lynn [8] 
found genital anomalies in 37-44% of women with unilateral 
renal agenesis. Careful physical examination of the vagina 
and pelvis, as well as sonography of the uterus, are warranted 
in every young woman with unilateral renal agenesis. Con- 
versely, the presence of genital abnormalities should precipi- 
tate imaging studies of the urinary tract. 
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Patterns of Liver Injury in 
Childhood: CT Analysis 





Forty-eight consecutive cases of liver injury diagnosed by CT in hemodynamically 
stable children were analyzed retrospectively for anatomic location, type of injury, 
associated nonhepatic injuries, and complications. It was found that the right lobe was 
involved in 83% of all injuries, and that the posterior segment of the right lobe was 
injured most often. Right-sided injuries were usually superficial and simple, while left- 
sided injuries were more likely to be deep and complex. Significant complications were 
associated with deep, complex, perihilar injuries. Retroperitoneal blood collections were 
noted around the adrenal, in a distribution not previously described. Injuries of the 
hepatic dome were most characteristic and were often associated with injuries of the 
lung base, kidney, ribs, and pneumothorax. 


Blunt abdominal trauma in childhood often results in solid-organ injury, commonly 
involving the spleen and liver. While the appearance of hepatic trauma on CT has 
been described in both children and adults, there has been no systematic evaluation 
of these injuries or of the likelihood of encountering a given type of injury. In a large 
series of children with the clinical and CT diagnosis of hepatic injury, we observed 
that hepatic injury occurs in predictable anatomic distributions, with commonly 
associated findings and complications. 

Recently, in children with blunt abdominal trauma, nonoperative management of 
renal, splenic, and liver injuries [1-3] has become more commonplace. This is due 
in part to the accuracy and utility of CT for emergent evaluation of serious upper 
abdominal injury [4-6], coupled with selection of appropriate patients followed with 
careful serial clinical evaluations [1, 4]. Thus, recognition of common patterns of 
liver injury and predictors of possible complications should aid the successful 
management of blunt abdominal trauma in children. 


Materials and Methods 


Between August 1981 and September 1985, 216 consecutive hemodynamically stabie 
children with blunt abdominal injury and clinical suspicion of solid-organ Gamage were 
evaluated by abdominal CT. Liver injury was diagnosed in 48. This subgroup was studied 
retrospectively to determine the distribution and type of hepatic injury, the presence and 
nature of associated injuries, the presence of intraabdominal bleeding, and complications of 
liver injury. 

The mean age of all children in the study was 8 years (range, 1-16 years). Twenty-nine 
(60%) were boys and 19 (40%) were girls. 


Injury Location 


injury location was described (1) by the hepatic segment(s) invaived, {2} as deep or 
superficial, and (3) when appropriate, as perihilar or involving the liver dome. A deep lesion 
(Fig. 1) was defined as one that involved liver parenchyma in the region of the first two to 
three portal venous divisions, regardless of the volume of superficial liver tissue involved. In 
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most cases, it was a lesion closer to the hilus than to the peripheral 
hepatic surface. The remaining lesions were considered superficial 
(Fig. 2). Perihilar lesions (Fig. 3) were those that extended to the hilar 
hepatic surface. The dome (Fig. 4A) was considered the uppermost 
portion of the liver in contact with the diaphragm. 


Imaging Appearance 


Each injury was described as either simple or complex. All were of 
low attenuation on IV contrast-enhanced studies. Simple lesions (Fig. 
2) were rounded (or linear) or well localized, or had short branches. 
Complex lesions (Fig. 5) were poorly localized and more disorganized, 
often with multiple long, branching segments. 

Correlation with sonography and nuclear scintigraphy was not 
sought. The accuracy of CT relative to sonography and scintigraphy 
in the first 100 patients (including 19 liver injuries) has been reported 
[4]. Operative correlation was available in only two cases. Peritoneal 
lavage was not routinely performed. 

Ail examinations were performed on a GE 8800 scanner, with oral- 
contrast-medium opacification of the upper gastrointestinal tract, IV 
contrast medium given as a bolus during scanning, and dynamic 
scanning with table incrementation. The details of the technique have 
been published [4]. 


Results 
Age and Gender 


No type of injury was more likely to occur in a given age 
group, and the ratio of boys to girls was approximately the 
same for each type of injury. 


Distribution of Injuries 


Table 1 summarizes the injuries by anatomic location. In 
17 children (85%), multiple hepatic segments were injured, 
and four injuries (8%) involved more than one hepatic lobe. 
The right lobe of the liver was injured four times more often 
than the left and 20 times more often than the caudate lobe. 
Caudate injury occurred only with multilobar trauma. The 
posterior segment of the right lobe was the most vulnerable 
segment, injured in 65% of all patients. 


Types of Injuries 


Tables 2 and 3 analyze the injuries as simple vs complex 
and superficial vs deep. Although simple lesions were three 
times more common than complex ones in the right lobe, the 
two types occurred with nearly equal frequency in the left 
lobe. The frequencies of superficial and deep lesions in the 
right and left lobes were strikingly disparate, with right-sided 
injuries twice as likely to be superficial and left-sided injuries 
three times as likely to be deep. l 

There were 17 perihilar injuries, 35% of the total. Most 
deep injuries (17/22) were perihilar. 


Associated Injuries 


Right thoracic injuries.—Right-lung parenchymal abnor- 
mality, pleural fiuid, pneumothorax, and rib fractures were 
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TABLE 1: Anatomic Distribution of Injuries in 48 Children 











No. of 
Site Patients 
(%) 

Right lobe: 
Posterior segment 31 (65) 
Dome 15 (31) 
Anterior segment 10 (21) 
Total® 40 (83) 

Left lobe: 

Medial segment 7 (15) 
Lateral segment 5 (10) 
Total? 11 (23) 
Caudate 2 (4) 





í Numbers in columns add up to more than totals and totals do not add up to 48 because 
some children were injured in more than one site. 


TABLE 2: Characterization of Injuries in 48 Children: Simple vs 
Complex 











No. of 
Type of Injury Patients 
(%) 
Simple: 

Right lobe 30 (63) 
Left lobe 6 (13) 
Total? 35 (73) 

Complex: 
Right lobe 10 (21) 
Left lobe 5 (10) 
Total? 13 (27) 


TERN RS SE ETI ETS TES SOY ET I SENN LTTE A TNE DES GA TE 
a Some of the 48 children were injured in both the right and left lobes, which is the reason 


that numbers add up to more than totals. 


TABLE 3: Characterization of Injuries in 48 Children: Superficial 
vs Deep 











No. of 
Type of Injury Patients 
(%) 

Superficial: : 
Right lobe 26 (54) 
Left lobe ‘3 (6) 
Total? 28 (58) 

Deep: 

Right lobe 14 (29) 
Left lobe 8 (17) 
Total? 20 (42) 





E Some of the 48 children were injured in both the right and left lobes, which is why 
numbers add up to more than totals. 


frequently associated with hepatic injury. Some degree of 
consolidation in the right lung was detected by CT in nearly 
half (46%) of our patients. This was usually believed to 
represent contusion or atelectasis, although occasionally lac- 
eration was present. Ninety-five percent of the patients with 
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Fig. 1.—Injury location: deep. Injury in anterior Fig. 2.—Injury location: superficial. Injury of Fig. 3.—Injury location: perihilar, complex in- 
segment of right lobe involves parenchyma posterior segment of right lobe involves more pe- jury extending to hilar surface. 
about proximal divisions of right portal vein. ripheral tissue. Type of injury: simple = focal. 
Type of injury: simple. Lesion is linear and mod- 
erately well defined, and only has short 
branches. 


Fig. 4.—A, Injury location: dome injury involving most superior portion 
of liver in contact with hemidiaphragm. Type of injury: complex. Note also 
blood surrounding inferior vena cava producing “halo” sign (arrowheads). 

B, Same patient. Associated contusion of ipsilateral kidney, with minor 
edema or hematoma in posterior pararenal space. (Reprinted from [7].) 
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right-lung abnormality had right-hepatic-lobe injury, and 68% 
had posterior-segment injury (Fig. 6). Two-thirds of all hepatic- 
dome injuries were associated with right-lung-base injury. 

Nearly 23% (11/48) of all liver injuries were associated with 
right-sided pneumothoraces, and all right-sided pneumotho- 
races occurred in conjunction with right-hepatic-lobe injury. 
The largest percentage occurred with injury of the liver dome 
(45%). Conversely, one-third of hepatic-dome injuries were 
associated with right pneumothorax. Only 18% of the right 
pneumothoraces were associated with left-hepatic-lobe in- 
jury. Two children presented with left-sided pneumothoraces. 
Both had posterior-segment right-lobe trauma, and one also 
had a lateral-segment left-lobe injury, a right pneumothorax, 
and pneumomediastinum. Three other children with right-lobe 
injuries also had pneumomediastinum. 

Rib fractures occurred in only seven patients (15%). All 





Fig. 5.—Type of injury: complex. Disorganized injury of right lobe is 
poorly localized. Injury location: deep. Injury extends into region of proximal 
portal venous divisions. Note also periadrenal space retroperitoneal blood 
(arrows). 
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occurred in association with right-hepatic-lobe injury and were 
most likely to be seen in dome injury (33%). No right-sided 
rib fractures were associated with left-hepatic-lobe injury. 
Left-sided fractures were uncommon and were not tabulated. 

Retroperitoneal injuries.—Right-renal, crus, paravertebral, 
and anterior-pararenal-space injuries were less common than 
thoracic injuries. All eight right-kidney injuries occurred in 
conjunction with right-hepatic-lobe trauma, and 75% of those 
were posterior-segment injuries. The liver injury most likely to 
be associated with renal trauma was the dome injury (27%) 
(Fig. 4). 

Crus and paravertebral soft-tissue injuries were recognized 
as abnormal thickening and decreased attenuation, presumed 
to be swelling and/or hematoma. Three patients, all of whom 
had right-hepatic-lobe injury (two of three posterior segment), 
suffered injury of the right crus or paravertebral soft tissues. 

Anterior-pararenal-space injuries involved the retroperito- 
neal duodenum and the pancreas. There were two such 
injuries, one pancreatic and one duodenal. Both occurred with 
left-hepatic-lobe injury, both involving the lateral segment, and 
one also involving the medial segment. 


Intraabdominal Blood Collections 


Thirty-two of our 48 patients demonstrated intraabdominal 
blood collections. We described these collections as retro- 
peritoneal, as intraperitoneal, or as perihepatic collections in 
hepatic fissures or in the subcapsular space. 

Retroperitoneal collections. —Blood was seen surrounding 
the adrenal gland and/or the inferior vena cava (IVC) in 23 
patients (48%). Periadrenal blood (Fig. 7), the more common 
of the two, occurred in 21 patients (44%) and either displaced 
or surrounded the adrenal. Collections encircling the IVC (Fig. 
6B) have been described [4] and were noted in eight patients 
(17%). Twenty (95%) of 21 periadrenal collections and seven 
(88%) of eight IVC “halos” were seen in association with right- 
hepatic-lobe injury. 





Fig. 6.—Right-lung-base injury is commonly associated with liver trauma. A, Contusion, laceration (L), and pneumomediastinum (P) in 4-year-old boy 
with, B, posterior-segment right-lobe injury. Note retroperitoneal blood and inferior vena cava “halo” sign. 
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Fig. 7.—Periadrenal blood (arrowheads) lateral and medial to right Fig. 8.—Subcapsular hematoma, associated with complex, deep medial- 
adrenal gland (arrows) associated with posterior right-lobe-liver injury. segment left-lobe injury, deforms anterolateral surface of liver (arrows). 
Note also partial inferior vena cava “halo” and incidental splenic contusion. Note also free intraperitoneal blood lateral to spleen. 






Fig. 9.—A, Complex medial-segment left-lobe injury in 3-year-old boy. 
Injury is deep and perihilar in location. 

B, 3 weeks later. Biloma collection (B) caused by transection of common 
bile duct. GB = gallbladder. 

C, Percutaneous transhepatic cholangiogram demonstrates site of injury 
(arrow). 
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Fig. 10.—Infected hematoma? Gas formed in this superficial, simple 
right-lobe injury a few days after trauma. Cultures obtained by percuta- 
neous aspiration were sterile, but patient had been treated with antibiotics. 


Intraperitoneal collections.—Sixteen patients (33%) dem- 
onstrated some intraperitoneal blood collection. Among these 
patients, 14 (88%) suffered injury of the right hepatic lobe and 
nearly all of these (13) were of the posterior segment. 

Perihepatic collections. —Collections in the hepatic fissures 
and the subcapsular space were seen with parenchymal 
injury. Eight patients had subcapsular collections (Fig. 8), five 
demonstrated fluid distending the fissure for the ligamentum 
teres, and four had collections in the fissure for the gastro- 
hepatic ligament. 


Complications 


Complications consisted of biloma (three patients), pan- 
creatitis (two patients), delayed healing (one patient), and 
delayed hemobilia (one patient). Two patients required oper- 
ative biloma drainage, and the third was done percutaneously. 
The pancreatitis and one biloma occurred with left-lobe injury 
(Fig. 9), while the other complications occurred with right-lobe 
injury. The bilomas, delayed healing, and delayed hemobilia 
all occurred with injuries that were complex and deep. The 
bilomas and the delayed hemobilia were also associated with 
perihilar injuries. 

No cases were complicated by infection except possibly 
one. A 4-year-old boy with a superficial, simple, posterior- 
right-lobe injury became febrile 3 days after injury, and had 
leukocytosis and abdominal distension. A follow-up CT scan 
7 days after injury showed gas in the liver hematoma (Fig. 
10). Percutaneous aspiration demonstrated serosanguineous 
fluid containing leukocytes but no organisms on Gram stain 
or culture. The patient was placed on antibiotics; the fever 
defervesced and the leukocytosis resolved during the next 
13 days. Unfortunately, when the patient was injured he had 
been taking antibiotics for an upper respiratory tract infection. 
Thus, we can only speculate about whether this case repre- 
sents an infected hematoma or the phenomenon of gas 
liberated in a hepatic hematoma after injury [8]. 


Fig. 11.—Right-lobe transection injury with devitalization, managed non- 
operatively without complication. Note free intraperitoneal blood and small 
hematoma of spleen (arrow). 


Discussion 


Categorization of hepatic injury by the anatomic segment(s) 
involved permits recognition of characteristic injury patterns. 
These are the right-lobe injury and the left-lobe injury. In our 
series, Caudate injuries were never isolated and followed the 
pattern of the associated right- or left-lobe injury. 

Most common is the right-hepatic-lobe injury, accounting 
for four of every five cases of liver trauma. The preponderance 
of these injuries has been noted in other series and has been 
attributed to the fact that the right lobe constitutes most of 
the volume of the liver [2]. We have extended these obser- 
vations, finding that the posterior segment of the right lobe is 
involved in nearly two-thirds of all hepatic injuries. This may 
be because the posterior segment is surrounded by relatively 
“fixed” structures such as the ribs and spine, against which it 
may impact during blunt abdominal trauma. Fixation of the 
liver by the coronary ligaments in this region may locally 
enhance the effect of acceleration-deceleration injuries, as 
well. Right-lung-base injury, right renal injury, pneumothorax, 
right-sided rib fractures, and crus/paravertebral injuries were 
strongly associated with right-hepatic-lobe injury. The most 
characteristic of the right-sided injuries were those involving 
the hepatic “dome.” Such injuries were associated with 70% 
of all rib fractures and approximately half of all pneumotho- 
races, right-lung parenchymal injuries, and right renal injuries. 

Left hepatic lobe injury, while much less common, was 
uniquely associated with iniuries of the pancreas and retro- 
peritoneal duodenum. This occurred in only two patients, and 
in both there was lateral segment injury. 

Previous investigators have described injury to the liver 
with terms such as hematoma or laceration. We chose to 
describe it as simple or complex, and found a marked tend- 
ency for right-lobe lesions to be simple and for left-lobe lesions 
to be complex. Similarly, right-lobe lesions tended to be 
superficial, while left-lobe lesions were more evenly divided 
between superficial and deep. 


~~ 
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Consequently, the characteristic right-lobe injury was a 
simple, superficial lesion of the posterior segment, often with 
associated injury of the ipsilateral lung base and kidney, a 
right rib fracture, and a pneumothorax. Left-lobe injuries were 
more likely to be deep, complex lesions with associated 
anterior pararenal space injury. These two types of injuries 
are likely related to the vectors of force during trauma, com- 
pressing abdominal contents against the relatively fixed spine 
and ribs on impact. Although we did not systematically collect 
data on the circumstances surrounding these injuries, we 
informally observed that right-lobe injuries tended to occur in 
motor vehicle-pedestrian accidents in which children were 
struck from the side or from behind. Left-lobe injuries, how- 
ever, tended to occur with forceful direct blows to the epigas- 
trium. 

Complications occurred infrequently in this group of pre- 
dominantly nonoperatively managed patients. The most seri- 
ous of these were a case of delayed healing and three 
bilomas. These complications arose from complex, deep in- 
juries, and the bilomas from perihilar injuries. The complicated 
injuries were also more extensive than most, each covering 
a large volume of tissue and involving several hepatic seg- 
ments. Although most complex, deep, extensive injuries were 
not associated with complications, it may be from this 
subgroup that complications are most likely to arise. 

These four complications were all associated with some 
degree of intraperitoneal fluid collection. As has been sug- 
gested [9], this may indicate that hemoperitoneum increases 
the risk of complicated liver injury, although it should be 
stressed that children with complicated liver injury constituted 
a minority of the group with intraperitoneal collections. 

We commonly noted retroperitoneal collections, particularly 
adjacent to the right adrenal. These were anteriorly or pos- 
teriorly displaced or surrounded the right adrenal. The adrenal 
lies within the perirenal space, above the inferior coronary 
ligament, behind the so-called “bare” area of the liver. In 
anatomic descriptions of adults, the anterior and posterior 
pararenal spaces extend superiorly until they merge with the 
diaphragm above the adrenal [10, 11]. Since these spaces 
are continuous at all levels, fluid introduced into a space 
should track through the length of that space. We observed 
paraadrenal collections in children that remained loculated 
and did not extend to the level of the kidneys. We conclude, 
therefore, either that the pararenal spaces do not necessarily 
extend to the adrenal level in children; that fluid collections 
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may loculate within these spaces, analogous to the loculation 
of mediastinal air in newborn infants; or that there are other 
periadrenal retroperitoneal spaces in which fluid may collect. 

A few injuries did not fit easily into our scheme for charac- 
terization. Of particular concern was one injury that tran- 
sected and devitalized a superficial segment of the right lobe 
(Fig. 11). Although this child did well with nonoperative man- 
agement, we suspect that the subgroup of transection injuries 
also may be at risk for complications. 
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Digital Radiography; Selected Topics. Edited by James G. Kereiakes, Stephen R. Thomas, and Colin G. Orton. 


New York: Plenum, 194 pp., 1986. 


The text has several contributors. The first chapter is an overview 
of the basic principles of digital radiography. In the remaining six 
chapters selected topics focusing primarily on digital subtraction 
angiography (DSA) are presented. 

Image processors and processing techniques are discussed some- 
what superficially in chapters 2 and 3. Chapter 4 is a very good 
review of noise analysis. The concept of noise in digital radiography 
is presented in a manner that can be understood by a reader without 
an extensive background in mathematics. However, as in the rest of 
the book, review of formulas and equations offers an interested 
reader the opportunity to study the subject in more depth. Chapter 5 
describes quantitative aspects of digital X-ray imaging. The effect of 
physical degradation factors such as beam hardening, scatter, and 
veiling glare are well presented with techniques for reducing such 
factors. Also discussed is their effect on videodensitometer volume 
measurements. Applications of densitometric methods to stenosis 
and volume measurements are well described. However, blood flow 


applications of digital measurements are not included. Chapter 6 
presents the applications of recursive filtering to DSA. The text 
concludes with a well presented chapter on energy selective radiog- 
raphy. 

Although a multiauthor text, it can easily be read from cover to 
cover. It is well organized with minimal subject overlap. Tables and 
figures are adequate. Mathematical formulas are explicit but not too 
numerous. The print quality is good. The references at the end of 
each chapter are compiete. The topics covered, especially noise 
analysis, provide an interesting presentation of the physical basis of 
digital radiography. 

I recommend this book to radiologists, cardiologists, and physicists 
who are interested in a comprehensive exposure to the selected 
topics presented. 

Juan F. Lois 
UCLA School of Medicine 
Los Angeles, CA 90024 
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Prenatal Sonographic Diagnosis of Atrial Hemangioma 


Richard E. Leithiser, Jr.,' Derek Fyfe,? Ellsworth Weatherby III, Robert Sade,* A. Julian Garvin® 


Primary cardiac tumors are rare in infants and children and 
most are benign rhabdomyomas, teratomas, and fibromas. 
They can be fatal if diagnosis and treatment are delayed [1]. 


In this paper, we report on a premature infant weighing 1280 


g and having the prenatal sonographic diagnosis of a cardiac 
mass associated with a large pericardial effusion. Following 
further delineation after birth, a right atrial hemangioma was 
successfully resected. 


Case Report 


A 20-year-old, gravida 1 woman underwent prenatal sonography 
at a referring hospital to evaluate fetal age. The examination showed 
a single fetus consistent with the gestational age of 29 weeks. A 
lobulated pericardial mass arising from the right atrial wall and a large 
pericardial effusion were identified (Fig. 1). A small amount of ascites 
were also found, but there was no skin edema or polyhydramnios. 

Labor began a few days later and the patient was transferred to 
Medical University of South Carolina. Emergency sonography sug- 
gested the presence of bilateral pleural effusions. Spontaneous vag- 
inal delivery produced a boy of 30 weeks gestation weighing 1280 g. 
Apgar scores were 3 and 7 at 1 and 5 min, respectively. The neonate 
had cardiorespiratory distress soon after delivery, and chest tubes 
were placed bilaterally. The right tube drained 60 mi of serosan- 
guineous fluid, and the left tube drained none. This fluid was initially 
presumed to be from the pleural space, but in retrospect was probably 
from the pericardial sac. The patient’s hospital course was compli- 
cated by hyaline-membrane disease and increasing cardiomegaly. 
Postnatal cardiac sonography identified a right-sided anterior medias- 
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tinal mass contiguous with the right atrium and inseparable from the 
right coronary artery (Fig. 2). A large pericardial effusion had reaccu- 
mulated. 

Surgery was done through a midline sternotomy with cardiopul- 
monary bypass and hypothermic circulatory arrest. A large intracavi- 
tary tumor mass replaced part of the right atrial wall and was 
contiguous with the right coronary artery and the tricuspid anulus 
(Fig. 3). The tumor mass was completely excised with the exception 
of a small portion adjacent to the right coronary artery. By preserving 
part of the atrial wall the defect could be closed by direct suture. 
After a complicated hospital course, the patient was discharged at 
age 2 months. The child is now 6 months old and well except for 
intermittent second-degree atrioventricular block. 

On pathologic examination, the excised tumor was found to be 
lobulated with central areas of necrosis and dystrophic calcification. 
Microscopically, the tumor was composed of small, endothelium-lined 
capillary vessels that infiltrated the adjacent myocardial fibers. The 
final diagnosis was a hemangioma of the right atrial wall. 


Discussion 


Cardiac tumors are rare. The occurrence of cardiac tumors 
based on autopsy data that includes all ages is 1:5000 to 
1:10,000. Such tumors are often metastatic and malignant in 
adults, whereas in children they are usually primary and 
benign [1, 2]. Until recently, the imaging of these tumors was 
limited to chest radiography and cineangiography, and diag- 
nosis was often not made until autopsy. With the advent of 
two-dimensional echocardiography, however, cardiac tumors 
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Fig. 1.—Prenatal, apical, four- 
chamber view shows tumor mass 


(arrow) occupying part of right 
atrium. Note anechoic area repre- 
senting large pericardial effusions 
surrounding entire heart. (RV = LV= 
right ventricle, LV = left ventricle, 

PE = pericardial effusion) 


ogenicity of tumor mass. (RV = 
left ventricle, LA = 


are being recognized with increasing frequency and often 
prenatally [3-6). The common, primary cardiac tumors have 
specific fetal and neonatal echocardiographic features. 
Hemangiomas are unusual; approximately 10 cases have 
been reported [1, 2, 3, 7]. Most are diagnosed in the neonatal 
period and they have a consistent echocardiographic appear- 
ance [3, 7]. The tumors are of mixed echogenicity because 
they consist of benign proliferations of endothelial cells in 
various Stages of organization and thrombosis. Hemangiomas 
may arise from any site in the pericardium, myocardium, or 
ventricular cavity [2]. Most are seen as pericardial masses at 
the base of the heart adjacent to the right atrium, however, 
and frequently have an intracavitary component [3, 7]. The 
cardiac silhouette is often displaced into the left hemithorax 
by the mass, and a large pericardial effusion is usually present. 
Rhabdomyomas, much more common than hemangiomas, 
make up about 60% of primary cardiac tumors in children [1, 
6]. They originate in the atrial or ventricular myocardium and 
approximately half of them grow into a ventricular cavity. 
Echocardiographically, rhabdomyomas are uniform in echo- 
genicity and can be recognized as nodular masses, often 
multiple, arising from the myocardial wall [5, 6]. Approximately 
half of all patients with cardiac rhabdomyomas have tuberous 
sclerosis. The cardiac lesions may remain asymptomatic and 
be discovered only incidentally during the evaluation of the 
patient for other stigmata of tuberous sclerosis [5, 6]. 
Teratomas constitute approximately 25% of pediatric car- 
diac tumors and have several typical features. The tumor 
masses are composed of all three germ layers and therefore 
can contain calcium, bone, or fat [2]. Echocardiographically, 
they are of mixed echogenicity related to their composition 
and frequently have posterior shadowing from bone or cal- 
cium within the mass, or focal increased echogenicity due to 
fat in the mass. Although intrapericardial, most are extracar- 
diac and are attached to the root of the aorta or pulmonary 
artery by fine adventitial vessels. Almost all are associated 
with a large pericardial effusion [8]. 
Fibromas constitute approximately 12% of pediatric cardiac 


LEITHISER ET AL. 


Fig. 2.—Postnatal echocardiogram performed 
in an angled, long-axis view shows large tumor 
mass (arrows) above right ventricle. Left atrium 
and left ventricle are identified. Note mixed ech- 


right ventricle, 
left atrium) 
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Fig. 3.—Operative photograph of large tumor mass arising 
from right atrial free wall, filling right side of the pericardial 
cavity. Forceps grasp free edge of incised pericardium. Arrows, 
atrial wall stretched over intracavitary portion of tumor. (A = 
ascending aorta) 


tumors [6]. The tumors are usually solitary, intramural 
masses, arising from the ventricular myocardium or septum. 
They may grow to be quite large and undergo central necrosis 
and calcification [2]. Echocardiographically, a fibroma is al- 
most always a solitary mass in the ventricular myocardium or 
septum. 

In this report, an accurate prenatal diagnosis of a cardiac 
tumor led to successful surgical resection in a very small 
premature infant. Fetal echocardiography is important in any 
patient with fetal hydrops because cardiac tumors may cause 
pericardial effusions, ascites, and edema. Careful attention to 
the location and the sonographic characteristics of cardiac 
masses is essential in attempting to distinguish among the 
varieties of cardiac tumors. 
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Subcortical Arteriosclerotic 
Encephalopathy: CT Spectrum 
and Pathologic Correlation 





Because of recent papers suggesting that subcortical arteriosclerotic encephalopathy 
(SAE) (Binswanger’s disease) is more common than historically assumed, this investi- 
gation was initiated to assess the frequency of SAE, to gauge the reliability of CT in 
making this diagnosis, and to assess the strength of the correlation between SAE and 
arterial hypertension. Of 202 autopsied patients in a 17-month period, 82 had undergone 
antemortem CT. Of these, 20 had CT findings thought to represent varying degrees of 


the disease spectrum of SAE. Microscopy confirmed this diagnosis in 18 cases. The 


pattern of diminished attenuation in the white matter was periventricular in 16 patients 
(marked asymmetry in one) and limited to an isolated focus somewhat removed from 
the ependyma in two. Among the 16 with periventricular disease, the extent of the 
process by CT appeared mild in nine, moderate in five, and severe only in two. There 
were two false positive CT diagnoses of SAE. Among a control group of 10 patients with 
normal white matter by CT, seven had some microscopic evidence of SAE, although it 
was generally less severe than in those with positive CT scans. Subcortical arterioscle- 
rotic encephalopathy is common and can be identified in its various forms by CT with a 
high degree of reliability. 


Subcortical arteriosclerotic encephalopathy (SAE), or Binswanger’s disease, is a 


-sometimes dementing illness for which chronic arterial hypertension has been 


implicated as a major pathogenetic factor [1-6]. It had been considered to be rare, 
but recent reports suggest that it is fairly common [7-11]. Illustrations of CT images 
in this disorder have been restricted almost exclusively to severe cases [7, 9, 12- 
15]. The CT appearance of the advanced cases, specifically excessive periventric- 
ular radiolucency, is well known, but lesser degrees of involvement are less well 
appreciated. 

The histologic abnormalities in SAE have been described in numerous small 
series and case reports, and include demyelination, axonal loss, and fibrous or 
“hyalinoid” thickening of the walls of small arteries in the deep cerebral white matter 
[2, 4, 5, 7, 12, 16-20]. The discovery of these typical findings in the postmortem 
examination of the brain of a patient with relatively modest periventricular lucency 
by CT in October 1982, prompted a prospective evaluation of autopsied patients 
whose CT scans suggested the presence of such changes to determine their 
frequency, the reliability of CT in detecting their presence, and the frequency of 
chronic arterial hypertension in affected patients. 


Materials and Methods 


During the 17 months from January 1983 through May 1984, the formalin-fixed brains of 
all autopsied patients whose antemortem cerebral CT studies showed abnormal radiolucent 
areas in the deep white matter thought likely to represent SAE were subjected to microscopic 
examination of suspicious areas. Those brains severely damaged by infarction or affected by 
cerebral edema of any cause between the antermortem scan and the patient’s death were 
excluded. 
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The degree of white matter alteration by CT was graded subjec- 
tively by a neuroradiologist as mild, moderate, or severe, based on 
the extent of involvement rather than on the degree of radiolucency. 
The arteries of and near the circle of Willis were examined for 
atherosclerosis. Each brain was sectioned in a plane approximating 
that of the antemortem CT study. Specimens were taken from regions 
in the deep white matter identified as having abnormally low atten- 
uation by CT. This included the white matter anterolateral to the 
frontal horns and posterolateral and superior to the trigones of the 
lateral ventricles in almost every case. Some overlying subcortical 
white matter, cerebral cortex, and ependyma were included in each 
specimen. Four sections were obtained from each specimen, one for 
each of four stains: hematoxylin and eosin (H and E), Masson 
trichrome (for collagen), Luxol Fast Blue with H and E (for myelin), 
and modified Seiver-Munger silver stain (for axons). The sections 
were examined for demyelination, axonal loss, and arterial/arteriolar 
wall thickening by a neuropathologist. The changes were graded as 
normal (—), mild (1+), moderate (2+), or severe (8+), based largely 
on the intensity of staining. 

Ten brains from patients over 50 years old whose antemortem CT 
scans indicated no abnormal periventricular lucency to suggest the 
presence of SAE were subjected to the same sectioning and gross 
and microscopic examination in order to reveal the frequency of the 
disease changes of SAE in the presence of a normal CT scan. Bilateral 
sections from the same location already described adjacent to the 
frontal horns and trigones were obtained from each brain. 

For both the abnormal and normal groups, the cardiac weight, 
thickness of the left ventricular wall, degree of coronary atheroscie- 
rosis, and evidence of myocardial infarction were recorded from the 
general autopsy data. Microscopic sections of the renal parenchyma 
in both patient groups were reviewed, and fibrous thickening of 
intrarenal small arteries and arterioles was graded on the same scale 
as were the cerebral vessels. 

The charts of all patients were reviewed for evidence of chronic 
arterial hypertension, dementia, and factors that might have contrib- 
uted to dementia or damage to the cerebral white matter. Any of the 
following could confirm the presence of chronic arterial hypertension: 
at least 3 recorded systolic pressures in excess of 150 mm Hg; at 
least 3 recorded diastolic pressures in excess of 90 mm Hg; left 
ventricular hypertrophy by postmortem examination (either simply 
recorded as such or recorded as a left ventricular mural thickness of 
at least 14 mm) in the absence of left ventricular outflow obstruction; 
or at least moderate arteriolarnephrosclerosis of the fibrous type 
typically caused by hypertension. 


Results 


The brains of 202 patients came to postmortem examina- 
tion during the study period. Antemortem CT scans were 
available in 82 patients, 20 of which were deemed to have at 
least one area of diminished attenuation in the cerebral white 


matter suspicious for SAE. The CT scans were obtained - 


within 1 month of death in 10 cases, between 1 and 6 months 
prior to death in four, between 6 and 12 months before death 
in four others, and from 12 to 26 months before death in two. 
The autopsy findings confirmed a diagnosis of SAE in 18 of 
the 20 suspected cases. These brains consistently showed 
the triad of demyelination, loss of axons, and fibrous thick- 
ening of the walls of small arteries in affected areas of the 
white matter, with the exception of one in which there was 
no demonstrable axonal loss in the specimens taken. The 
ages of these 18 individuals ranged from 56 to 93 years, with 
. a mean age of 75 years. One case proved to have an occult 
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focus of metastatic carcinoma (the lucency on CT presumably 
being edema). The last had demyelination and axonal loss 
with normal small arteries, but also had an aqueductal sub- 
ependymoma that had caused an obstructive hydrocephalus. 

Of the 18 patients with SAE, the demyelination was wholly 
periventricular in 15, limited to focus separated from the 
ependyma by apparently normal white matter in two, and a 
combination of these two patterns in one (Figs. 1-5). One of 
the 15 patients with a purely periventricular pattern had a 
striking asymmetry from side to side (Fig. 4). 

The brains with normal white matter by CT exhibited gen- 
erally far fewer changes, but seven did show some evidence 
of SAE. The ages of the CT-normal patients ranged from 54 
to 89 years, with a mean age of 74 years. The microscopic 
findings in both groups (abnormal and normal white matter 
by CT) are given in Table 1. Loss of axons was less dramatic 
than the demyelination in both groups. 

Arteriolar nephrosclerosis generally correlated with the de- 
gree of arteriolar sclerosis in the white matter (Table 2). The 
frequencies of systemic arterial hypertension, dementia, cer- 
ebral atherosclerosis, infarction in the brain, and myocardial 
infarcts in the two groups of patients is presented in Table 3. 
Among the abnormal group with periventricular demyelination, 
nine had involvement judged to be mild, five moderate, and 
two severe. There was no apparent correlation between the 
occurrence of dementia and the extent of the CT changes. 


Discussion 


The discovery of 18 cases of SAE among 82 autopsied 
patients with antemortem CT studies attests to its recently 
reported prevalence in the population over 50 years of age 
[7-11]. That more mild examples than moderate and severe 
cases combined should be encountered is in keeping with our 
day-to-day observations in cerebral imaging in a population 
of veterans. 

The accuracy of CT in distinguishing SAE from other causes 
of low attentuation in the white matter was 90% (18 of 20) in 
this limited series. The false positive diagnosis of focal SAE 
in a patient with a nonenhancing metastasis is an error that 
we believe can be avoided in most cases by recognizing the 
typically more subcortical than subependymal location of the 
lucency and by subsequently using a higher dose of contrast 
agent and delayed CT imaging. Our other false positive case, 
a patient with a chronic aqueduct obstruction previously 
shunted, represents a rather rare circumstance, although we 
know of no way to distinguish the pattern of periventricular 
lucency in this case from that due to arteriolar sclerosis. 
Because of these factors and the experience gained during 
the 17-month period of study, we feel that our false positive 
rate in the diagnosis of SAE by CT is currently below 5%. 

Based on the finding of at least minimal evidence of SAE in 
seven of our 10 cases with normal CT scans, it seems 
apparent that there exists a significant false negative diag- 
nosis rate in cases at the mild end of the disease spectrum. 
It is therefore possible that cases appearing to be early or 
mild by CT are not so in terms of their clinical and pathologic 
evolution. MR holds promise for greater sensitivity than CT in 
detecting early cases of SAE [8, 14, 21]. 
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Fig. 1.—Mild periventricular form of subcortical arteriosclerotic encephalo- 
pathy. A, CT image showing abnormal lucencies (arrows) in white matter 
adjacent to frontal horns, small but quite apparent on left, barely detectable on 


Fig. 2.—Moderate periventricular form of sub- 
cortical arteriosclerotic encephalopathy. A, CT sec- 
tion showing more extensive disease than in Figure 
1A. B, Quadrant right frontal section (Luxol Fast 
Blue stain) showing greater degree and extent of 
demyelination (arrowheads) than in Figure 1B. 


A 


Discrete patches of low attenuation somewhat removed 
from the ventricular surface but not subcortical were identified 
in three of the 18 confirmed cases (Fig. 5). It seems entirely 
possible that such findings could be misconstrued as plaques 
of multiple sclerosis. This mistake appears even more likely 
with MR, given its greater likelihood of detecting such lesions 
on T2-weighted images. The radiologic distinction is likely to 
be a difficult one in many cases. 

The periventricular lucency of SAE should not be mistaken 
for transependymal resorption of cerebrospinal fluid (TRCSF). 
We believe that the CT patterns of these two entities are 
sufficiently distinct to permit their separation by CT in nearly 
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right. B and C, Right and left quadrant sections, respectively, of brain (Luxol 
Fast Blue stain) showing areas of demyelination (arrowheads) somewhat larger 
than depicted by CT. Transitions to normal white matter are ill-defined. 





every instance. TRCSF produces zones of lucency that are 
centered somewhat anterior to the angles of the frontal horns 
and have a fairly sharp transition to the normal density of 
white matter along their outer margin (Fig. 6). The lucencies 
frequently extend through the full thickness of the corpus 
callosum. The frontal lucencies of SAE, on the other hand, 
usually are centered directly at the angles of the frontal horn, 
seldom extend into the genu of the corpus callosum (and do 
so less completely and with a lesser degree of radiolucency 
when they do), and have less sharply defined margins with 
adjacent, normal white matter (Figs. 1, 2, 3). Sparing of the 
medial subependymal regions along the trigones and occipital 
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horns is a fairly consistent but not invariable finding with SAE, 
whereas TRCSF frequently produces sharply demarcated 
lucencies medial to the trigones and occipital horns. Given 
the prevalence of SAE, its coexistence in patients with various 
forms of hydrocephalus is to be expected. Decisions regard- 
ing the management of patients with hydrocephalus should 
not be based on the mistaken impression that transependymal 
migration of CSF is present when the zones of low attenuation 
seen at CT are really due to SAE. If there is doubt about the 
origin of periventricular lucencies, treatment decisions must 
be based wholly on clinical, laboratory, and other CT criteria. 

In view of the loss of myelin and axons present with SAE, 
it seems reasonable to expect some degree of ventricular 
enlargement in affected individuals. Sporadic reports have 
indicated that this occurs [7, 13, 14, 17, 20, 22]. While the 
small number of patients in this series precluded a significant 
evaluation of this issue, we believe that many of these patients 
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Fig. 3. Severe periventricular form of subcor- 
tical arteriosclerotic encephalopathy. A and B, CT 
images showing more extensive periventricular 
zones of diminished attenuation than in Figures 
1A and 2A. C, Magnified left frontal quadrant 
section (Luxol Fast Blue stain) showing extensive 
loss of myelin ( pale zone) adjacent to frontal horn 
(F). 


Fig. 4. Asymmetric periventricular form of subcortical ar- 
teriosclerotic encephalopathy. A, CT section showing moderate 
area of abnormal lucency (L) adjacent to left frontal horn and 
trigone with little or no involvement on right. B, Quadrant section 
(Luxol Fast Blue stain) including artefactually small left trigone 
(T) and splenium of corpus callosum (S) showing moderately 
extensive demyelination (arrowheads). 


have enlarged ventricles, and this may explain some cases of 
so-called deep cerebral atrophy. 

SAE, in its advanced form, can produce dementia and is 
called Binswanger’s disease [1, 5-7, 9, 13, 14, 17, 22]. It has 
been considered uncommon [4, 23]. Recent papers have 
mentioned its clinically milder forms [7, 8, 11, 20, 21] and 
asymptomatic cases [11, 21]. Clinical evidence of dementia 
was noted in seven of our 16 cases with more than a solitary 
patch of SAE detected by CT (Table 3). Two of these seven 
had a postmortem tissue diagnosis of Alzheimer’s disease, 
but three patients with mild SAE and two with moderate SAE 
had no other Known explanations for their dementia. Interest- 
ingly, the two individuals with the most advanced SAE in this 
series had no record of an altered mental status. The pres- 
ence of basal ganglionic and/or thalamic lacunae with SAE in 
nine of our 18 cases, and of small white-matter infarcts in 
seven, suggests a relationship between SAE and the lacunar 
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Fig. 5.—Patchy form of subcortical arterioscle- 
rotic encephalopathy. CT image with patch of mild 
radiolucency (L) in left corona radiata and lacune (I) 
in subependymal region on right. 


Fig. 6.—Transependymal resorption of subcor- 
tical arteriosclerotic encephalopathy. CT section in 
patient with hydrocephalus secondary to meningeal 
carcinomatosis showing lucent zones (asterisks) 
centered anterior to frontal horns with confluence 
in corpus callosum (white arrow) and extension of 
lucent zones medial to trigones and occipital horns 
(black arrows). 


TABLE 1: Microscopic Findings in Abnormal and Normal 
Groups 





No. Patients by Pathologic 

















Grade 
= fe S 3+ 

CT abnormal (n = 18) 

Arteriolarsclerosis 0 2 8 8 

Demyelination 0 2 9 7 

Loss of axons 1 9 8 0 
CT normal (n = 10) 

Arteriolarsclerosis 3 4 2 1 

Demyelination 3 7 0 0 

Loss of axons 8 2 0 0 


state [14, 17, 22]. It is entirely possible that dementia here- 
tofore attributed to the lacunar state really has been due to 
coexisting, undiagnosed SAE. Similarly, the occurrence of 
cortical infarcts in 10 of our patients strongly suggests a 
relationship between these lesions and SAE, thereby further 
stimulating the speculation that in some cases of multiinfarct 
dementia, the dementia is actually partly or wholly due to the 
coexisting SAE. 

The relationship between systemic arterial hypertension 
and SAE is not clear. Hypertension might be the sole etiologic 
factor [3], a necessary but not the only causative agent [1, 2, 
20, 22], or a contributing but nonrequisite element [14]. SAE 
has been said to occur in the absence of hypertension [7, 13, 
24, 25]. Most patients in both of our groups were hypertensive 
(Table 3). Interestingly, the one patient in the normal CT group 
without any microscopic evidence of SAE was the only nor- 
motensive individual in that group. A large number of normal 
blood pressure recordings were available on this patient. It is 
unclear from these data whether SAE can occur in the ab- 
sence of hypertension. That the arterial changes of SAE are 
due to exposure of vessel walls to intraarterial pressure over 
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TABLE 2: Correlation Between Cerebral and Renal 
Arteriolarsclerosis 





No. of Patients 





Grade of Arteriolarsclerosis in 
Cerebral White Matter 





Grade of arteriolar neph- 


rosclerosis 0 1+ 2+ 3+ 

Abnormal group” 

0 

1+ 1 3 

2+ 1 1 5 

3+ 3 2 
Normal group** 

0 1 

1+ 1 3 1 ; ii 

2+ 

3+ 1 





* Insufficient data on two patients; therefore, n = 16 
** Insufficient data on one patient; therefore, n = 9 
*** Very focal, limited extent, but severe. 


TABLE 3: Associated Findings in Abnormal and Norma! Groups 














CT Diagnosis 
Abnormal Normal 
(n = 18) (n = 10) 
Hypertension 17 9 
Dementia p 2 
Moderate or severe cerebral ath- 
erosclerosis** 9 3 
Brain infarcts:*** 16 1 
Lacunar (basal ganglia and 
thalami) 9 1 
White matter only 7 0 
Cerebral cortical 10 0 
Myocardial damage from coro- 
nary atherosclerosis 13 2 





* Two had Alzheimer's disease. 
** Based on autopsy findings. 
*** Based on autopsy and CT findings. 


1214 


time seems quite possible. That is, the greater the pressure 
and/or the life span of the individual, the more likely are these 
changes to be present. It follows that wholly normotensive 
persons would develop these changes if they lived long 
enough. This is of course speculative. By CT, several of our 
hypertensive patients with SAE only had normal blood pres- 
sure recordings in the months (or, at.most, few years) pre- 
ceding their deaths. It seems plausible that a reduced cardiac 
output may have contributed to the preterminal normotension. 
This phenomenon might explain the absence of hypertension 
in some reported cases of SAE. That other factors, including 
genetic ones, might contribute to the development of SAE is 
open to speculation, although Rothemunde and Frische [3] 
studied many factors and found a positive correlation with 
arterial hyalinosis only for long-standing arterial hypertension. 

The ultimate pathogenetic factor very well may be ischemia. 
Aithough an ischemic originis difficult to prove, it seems quite 
tenable in view of the severity of vascular changes in the 
territory of deep perforating arteries and the sparing of sub- 
cortical U-fibers, which are within the territory of supply of 
cortical branches [26]. 

It is highly uncertain whether the eight cases reported by 
Binswanger in 1894 [27] were all examples of the disease 
that has come to bear his name. Binswanger described a 
predominance of findings in the temporooccipital white mat- 
ter, a distribution likewise mentioned by Farnell and Globus 
in 1932 [16]. These reports used autopsy data only. More 
recent literature, reporting the use of CT or MR to identify 
areas of involvement, illustrates the pattern seen in our pa- 
tients, specifically that of predominant involvement near the 
frontal horns and superolateral to the trigones [7, 8, 14, 15]. 

SAE is being recognized increasingly by modern imaging 
methods. It is common, and can be diagnosed reliably, but 
much remains to be learned about its origin, especially re- 
garding the role of arterial hypertension and about its impor- 
tance as a cause of dementia and perhaps other disorders. 
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Head Injury: Early Results of 
Comparing CT and High-Field MR 





The sensitivity and specificity of CT and high-field MR (1.5 T) were compared in an 
evaluation of 30 patients with head injuries (eight acute, 15 subacute, and seven chronic). 
By using T1- and T2-weighted images, it was possible to detect various stages of 
hemorrhages and their separation from edema. In the acute category, both CT and MR 
showed acute hemorrhagic lesions, but only MR demonstrated coexisting chronic 
hematomas or small hypothalamic or brainstem infarctions. MR was far superior to CT 
in the detection and characterization of subacute injuries, including shearing injuries, 
hemorrhagic and nonhemorrhagic contusions, and subdural hematomas. In chronic 
injury, atrophy was demonstrated by both techniques, but only MR showed parenchymal 
abnormalities and old hemorrhages. Its ease in monitoring patients and its greater speed 
make CT the procedure of choice for the evaluation of acute cases. CT also provides 
information that is useful in deciding between surgery and medical management. 
However, the more precise anatomic depiction of MR and its sensitivity to parenchymal 
abnormalities make MR the key to correct prognosis in patients with subacute or chronic 
injury. 


In order for MR to replace or supplement CT in the evaluation of head injury, it 
will have to provide either new or better diagnostic information. MR at present 
requires significantly longer scan times than CT, and motion during these long 
scans can detract from image quality. Life-support and monitoring systems that 
perform well with CT function poorly with MR. The purpose of this study is to 
ascertain whether the information provided by high-field MR justifies the longer 
scan times and greater difficulty of patient management. To answer this question, 
we evaluated 30 head injury patients studied with 1.5-T MR and compared those 
findings with the CT findings when the trauma was acute, subacute, or chronic. 
The comparison was carried out for the three stages of trauma defined because 
of the now well-recognized changes in MR signal intensity of blood with time 
[1-4]. While the results in this series are preliminary, the data support the idea that 
MR contributes valuable information during the acute, subacute, and chronic stages 
after cerebral injury. 


Materials and Methods 


MR studies were performed on a 1.5-T GE Signa proton imaging system. T1-weighted 
images were obtained using a repetition time (TR) of 400 to 800 msec and an echo delay 
time (TE) of 20 to 25 msec. T2-weighted images used a TR of 2000-2500 msec and a TE of 
30-80 msec. Two echoes were routinely obtained. Matrix size was 128 x 256, resulting in a 
pixel size of 1 mm x 0.5 mm. Slice thickness was either 3 or 5 mm. All images were done 
multislice using one average. Examination was initiated in the sagittal plane with subsequent 
T2 studies done in the axial and coronal planes. Coronal and/or axial T1-weighted images 
were also obtained, as indicated, primarily for evaluation of hematomas. A set of T1-weighted 
images took 2.5-3.3 min, while a set of T2-weighted images took 8.5-10.5 min. 

CT studies were done on a GE 9800, GE 8800, or Philips 310 scanner. The CT studies 
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were done without contrast enhancement in the axial plane with slice 
thickness of 9-10 mm. MR studies, CT, clinical presentation, course, 
and outcome were reviewed. 


Results 


During a 1-year period, 1543 patients were examined for 
CNS diseases. Thirty patients with head injuries had 38 MR 
studies. There were 26 males and four females, ranging in 
age from 3 to 60 years; 60% were 29 years old or younger. 
Fight patients were initially examined acutely (within 72 hr of 
injury), 15 patients were examined subacutely (5 to 20 days 
after injury), and seven patients were examined chronically (1 
month to 3 years after injury). Eight patients had follow-up 
examinations 1 to 3 months after the first study. All patients 
had CT scans without contrast enhancement. 


Acute Head Injury 


Seven of the eight patients had severe injuries and were 
stuporous to comatose at presentation (Table 1). Three pa- 
tients underwent craniotomy after CT examination and before 
MR. All three had evacuation of acute subdural hematomas; 
one also underwent removal of an accompanying intracerebral 
hematoma and another removal of an epidural hematoma. 
Six of the eight patients showed evidence of hemorrhagic 
contusions, usually multiple, which appeared as areas of 
markedly decreased signal intensity on T2-weighted images 
owing to the presence of deoxyhemoglobin surrounded by a 
high signal intensity area caused by edema (Fig. 1). These 
areas appeared only as a region of moderate hypointensity 
on Tt-weighted images (Fig. 1B). Edema and hemorrhage 
could not be separated on the T1-weighted images. In addi- 
tion, four patients showed acute subdural hematomas, one 
with an additional chronic subdural hematoma, one with an 
intraventricular hemorrhage (Figs. 1D and 1E), one with a 
subarachnoid hemorrhage, and one with a posterior cerebral 
arterial territory infarct with hypothalamic and upper brainstem 
infarction (Fig. 2). 

CT showed ail the acute hemorrhagic contusions, the sub- 
dural hematomas, and the intraventricular bleed, but did not 
show a large isodense infratemporal-occipital chronic sub- 
dural hematoma in one patient or an infarction of the upper 
brainstem and hypothalamus in another (Fig. 2A). 


TABLE 1: Acute Head Injury* 





Finding? CT MR 
Hemorrhagic contusions 6 6 
Nonhemorrhagic contusion 0 1 
Subarachnoid hemorrhage 1 1 
Intraventricular hemorrhage 1 1 
Acute subdural hematoma 4 4 
Chronic subdural hematoma 0 1 
Brainstem hypothalamic infarction 0 1 
Posterocerebral infarction 1 1 


DN a O O A A 
a Eight patients were examined 1-3 days after injury. 
> In some patients, there was more than one finding. 


ZIMMERMAN ET AL. 


AJR:147, December 1986 


Subacute Injury 


The patients in this stage fell into the moderate-to-severe 
head injury category and were confused, stuporous, or com- 
atose. Four patients had surgery before MR, two for elevation 
of depressed fractures associated with underlying contusions, 
one for evacuation of an acute epidural hematoma, and one 
for evacuation of an acute intracerebral hematoma (Table 2). 
One patient had surgery after the MR examination for removal 
of a subacute (isodense on CT, high signal on T1- and T2- 
weighted images) subdural hematoma (Fig. 3). Subdural he- 
matomas were found in five patients. Hemorrhagic contusions 
were found in 13 patients and nonhemorrhagic contusions in 
three patients. On T1-weighted images, contusional hemor- 
rhages and related hematomas showed peripheral high-signal 
change early on, and more central high-signal change over 
time (Fig. 4) at sites of methemoglobin formation [3]. On T2- 
weighted images, signal change to high intensity was slightly 
delayed behind T1-weighted images, corresponding to a 
breakdown in the cell membrane surrounding methemoglobin. 
Intracellular methemoglobin has low signal intensity while 
extracellular methemoglobin has high signal intensity [3]. 
Shearing injuries were found in six patients. All the patients 
with shearing injury showed zones of high signal abnormality 
(T2-weighted image) in the cerebral white matter (corpus 
callosum = 4, basal ganglia = 1, corticomedullary juncture 
zones = 1) (Figs. 4C, 4D, and 5). Two patients with shearing 
injuries had focal hemorrhages at the site of injury. One patient 
had posterior cerebral artery territory infarction with involve- 
ment of the thalamus and hypothalamus. CT scans in these 
patients had not revealed the shearing injuries or subdural 
hematomas. Thirty-seven percent of the contusions seen on 
MR (including all nonhemorrhagic contusions) were not iden- 
tified on CT. 


Chronic Injuries 


These patients had survived moderate-to-severe head in- 
juries (Table 3). Two patients had had surgery, one for de- 
compression of a frontal hemorrhagic contusion and one for 
removal of acute subdural and epidural hematomas. Five 
patients showed focal atrophy at a site consistent with old 
frontal or temporal contusions. Two patients showed gener- 
alized atrophy, one patient had evidence of diffuse gray- and 
white-matter damage, and another had evidence of multiple 
areas of old intracerebral hemorrhage (Fig. 6), including the 
brainstem. CT scans in these patients showed either focal or 
generalized loss of brain parenchyma. 


Discussion 


CT is the mainstay in the diagnostic armamentarium for 
evaluation of traumatic head injury. This is because of its 
rapid scan times and its ability to demonstrate, on the basis 
of density differences, the presence, location, and extent of 
intracerebral and extracerebral hemorrhage and hematomas, 
bony fractures, and compressed brain parenchyma, ventri- 
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Fig. 1.—Acute brain injury in a 55-year-old man who was hit by a bus and 
rendered comatose. A, CT examination within 24 hr of injury, after evacuation 
of bilateral acute subdural hematomas, shows air over frontal lobes within 
subdural space, at craniotomy site (arrow), and at site of intratemporal hem- 
orrhagic contusion. Left temporal lobe shows hemorrhagic contusion, edema, 
and residual subdural hematoma. B, Axial T1-weighted image (TR = 600 msec, 
TE = 25 msec). Examination performed approximately 1 hr after CT in A shows 
high intensity signal (methemoglobin) (arrows) at site of partially evacuated 
hemorrhagic contusion. Hemorrhagic contusion of surface of left temporal lobe 
is hypointense relative to nonhemorrhagic cortex. C, Axial T2-weighted image 
(done minutes after T1-weighted image) at same plane of section as in B (TR 
= 2500 msec, TE = 35 msec) shows high signal of extracellular methemoglobin 
(arrows) at same site as T-1 weighted image. Less intense high signal is present 
bilaterally in white matter underlying sites of hemorrhagic contusion secondary 
to edema. Marked hypointensity is seen from deoxyhemoglobin of hemorrhag- 
ically contused cortex (arrowheads) in left temporal lobe. D, Higher axial T1- 


cles, and subarachnoid space. The significance of CT findings 
is understood and their clinical importance recognized [5]. 
The limitations of CT are apparent in evaluation of the coma- 
tose patient and the patient with focal neurologic deficit whose 
CT examination appears normal [6, 7]. Superficial contusions 
of the cortex are frequently obscured on CT by volume 
averaging with contiguous bone. Small hypothalamic and 
brainstem infarcts are not resolved by CT, and shearing 
injuries of the cerebral white matter, unless hemorrhagic, 
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weighted image (TR = 600 msec, TE = 25 msec) shows deoxyhemoglobin of 
intraventricular hematoma in right lateral ventricle as area of hypointensity 
relative to white matter, but more intense than CSF. Subdural hematoma on 
left is identifiable (arrows) as band of hypointensity distinguishable from more 
marked signal void of inner table of skull. E, Axial T2-weighted image (TR = 
2500 msec, TE = 80 msec) shows high signal abnormalities of ischemia and 
edema involving both parietal occipital areas and underlying hypointense cor- 
tical areas of hemorrhagic contusion (arrowheads). Markedly hypointense clot 
(arrow) is present in right lateral ventricle, in part outlined by hyperintense CSF 
Residual left acute subdural hematoma is seen as area of variable hypointensity 
In this instance, areas of hyperintensity between acute subdural hematoma 
and inner table of skull are thought to represent serum extruded from clot 
retraction of subdural hematoma. Similar high intensity within subdural space 
is seen overlying upper portion of left and right frontal lobes. CSF within sulci 
is hyperintense. 


usually are not identifiable [8]. Thus, there is a role for a new 
imaging technique that is both sensitive and reasonably spe- 
cific in identifying those lesions that are poorly seen (or not 
seen at all) by CT. If MR can both identify and quantify these 
latter lesions while at the same time demonstrate the lesions 
already well shown by CT, then it has the potential to become 
the critical imaging technique in the evaluation of acute head 
injury. 

Blood in acute intraparenchymal hematomas, in the state 
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TABLE 2: Subacute Head Injury? 





Finding? CT 
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Fig. 2.—Infarction of hypothalamus, midbrain, and vascular territory of posterior cerebral artery 
secondary to cerebral herniation caused by frontal intracerebral hematoma. Patient is a 23-year-old man 
who was involved in a motor vehicle accident and rendered comatose. First CT examination done within 
hours of injury revealed intracerebral hematoma. Surgical evacuation was undertaken, and CT and MR 
studies shown were performed 48 hr after trauma. A, CT scan shows air at operative site in left frontal 
lobe region, compression of chiasmatic cistern, and loss of ambiens cisterns. Subarachnoid hemorrhage 
is present in basilar cisterns. B, Axial T2-weighted image (TR = 2500 msec, TE = 35 msec) study done 
several hours after CT in A shows high signal intensity in midbrain (arrows) and medial temporal lobes 
(arrowheads) consistent with infarction. C, CT at a higher level shows area of hypodensity involving left 
occipital region, midline shift to right, and obliteration of atrial region of left lateral ventricle. Findings are 
consistent with infarction in distribution of left posterior cerebral artery. Subarachnoid hemorrhage is 
present in frontal interhemispheric fissure. D, Axial T2-weighted image (TR = 2500 msec, TE = 35 msec) 
shows area of high signal intensity in distribution of left posterior cerebral artery, consistent with infarction 
and midline shift to right. 





D 


bin, the hematoma becomes high in signal intensity on T1- 
weighted images and eventually on T2-weighted images (Figs. 





Hemorrhagic contusion 10 
Nonhemorrhagic contusion 0 
Shearing injury 0 
Subdural hematoma 0 
Posterocerebral infarction 1 
Hypothalamic infarction 0 


1, 3, 4, and 7B). This change occurs from the periphery 
: centrally, and, in the nonoperated patient, was first seen 5 
6 day after injury (Fig. 4B). At this stage, T2-weighted images 
5 still distinguish edema from hematoma because the intracel- 
1 lular methemoglobin remains low in signal intensity (Fig. 4C). 
1 However, as the cell membranes surrounding the methemo- 





* Fifteen patients were examined 5-20 days after injury. 
P In some patients, there was more than one finding. 


globin lyse, the signal intensity changes, becoming higher 
[3]. In this case, a combination of T2- and T1-weighted 
images, done in the same plane, is needed in order to discrim- 
inate between edema and hematoma. Contusions and he- 


of deoxyhemoglobin, examined at high field strength (1.5 T) 
appears as an area of slight hypointensity on T1-weighted 
images and as an area of marked hypointensity on T2- 
weighted images (Fig. 1) [3]. After oxidation to methemoglo- 


matomas that are surgically exposed and that undergo oxi- 
dation at the time of craniotomy undergo rapid signal change, 
and high signal with both T1- and T2-weighted images may 
be seen on the immediate postoperative MR (Figs. 1B and 
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Fig. 3.—Subacute subdural hematoma in a 34-year-old man who was 
studied by CT and MR 12 days after a motor vehicle accident that resulted in 
an acute subdural hematoma, which was surgically removed. A, Axial CT was 
interpreted as showing no definite abnormality. In retrospect, cortical gray 
matter does not reach inner table of skull on right. B, Axial T1-weighted image 


1C). With breakdown of the hematoma, macrophagic activity 
results in removal of blood products. The hemosiderin in these 
products produce a marked hypointensity on T2-weighted 
images on the periphery of the hematoma (Fig. 6) [3]. 

In this series, the eight patients with acute head injury all 
had initial CT examinations and the MR was done after any 
emergency surgical procedure or medical therapy that was 
indicated. At the time the MR study was done, its success 
was equal to that of CT in identifying the hemorrhagic con- 
tusions and focal hematomas within the brain, ventricles, and 
subdural space. Only one patient was examined who had 
evidence of significant subarachnoid hemorrhage, and in this 
instance, both the CT (day 1) and MR examination (day 3) 
were positive. This series does not represent sufficient ex- 
perience to permit us to draw conclusions regarding the ability 
of MR to demonstrate subarachnoid hemorrhage. 

In the acute patients, the multiplanar MR examination, using 
coronal and sagittal planes in addition to the axial, gave much 
better localization and assessment of the extent of contusions 
and hematomas. The acute cortical hemorrhagic contusion is 
identified not only because of the hypointensity of the blood, 
but also because of the hyperintensity on the T2-weighted 
image of the surrounding edema and the interspersed necrotic 
brain tissue. In the acute injury patient, a difference in signal 
intensity between the normal and edematous cortex from the 
hypointense calvarium serves to identify the extracerebral 
hematoma. On the T2-weighted image, the hypointensity of 
the acute subdural hematoma may appear similar to the signal 
void of the nonmobile protons in the inner table of the calvar- 
ium. In this instance, the T1-weighted image is apt to show a 
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(TR = 800 msec, TE = 20 msec) shows high signal intensity from a large 
subacute subdural hematoma that is displacing cortex medially. C, Coronal T1- 
weighted image (TR = 800 msec, TE = 20 msec) shows subdural hematoma 
to cover lateral convexity, extending infratemporal with a small interhemispheric 
component. Atrium of right lateral ventricle is smaller than left. 


higher signal intensity from the acute subdural hematoma 
than from the cortical bone, identifying the presence and 
location of the extracerebral hematoma [Fig. 1D]. However, 
the extrusion of serum from the acute subdural hematoma 
(because of clot retraction) can produce a thin rim of high- 
intensity signal (T2-weighted image) on the inner and/or outer 
margins of the subdural hematoma (Fig. 1E) that also helps 
to identify the extracerebral hematoma. With CT, in the 
smaller acute subdural hematomas, there may be relatively 
little contrast between the hematoma and the calvarium. With 
MR, using both T1- and T2-weight: d images, we have found 
better contrast overall between brain, hematoma, and calvar- 
ium. Although we did not examine an acute epidural hema- 
toma in this series, we would expect on the T2-weighted 
image that the hypointensity of the deoxyhemoglobin in the 
acute epidural hematoma would not be easily separable from 
the lack of signal in both the displaced dura and in the 
calvarium, and that the MR diagnosis would depend more on 
the T1-weighted image difference in signal intensity between 
dura, clot, and calvarium as well as on the configuration of 
the extracerebral hematoma. Air, regardless of its location, 
produces a signal void, and, as such, may not be separable 
from the hypointensity of the deoxyhemoglobin on T2- 
weighted images. However, on T1-weighted images, the sig- 
nal intensity of air is less than that of deoxyhemoglobin, thus 
allowing separation. The signal void associated with rapidly 
flowing blood in surface arteries will not be easily separated 
from the hypointensity of an acute subdural hematoma on 
T2-weighted images. Once the signal intensity of the hema- 
toma has become higher, the displaced vessels are easily 
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Fig. 4.—Subacute examination of intratemporal hematomas and shearing injury in a 5-year-old boy 
who was thrown from a motor vehicle during a high-speed collision. CT examination on day of injury; 
MR study 5 days after injury. A, Axial CT shows three intratemporal hematomas surrounded by some 
edema. No other abnormalities were identified on either this CT examination or on follow-up examinations. 
B, Sagittal T1-weighted image (TR = 800 msec, TE = 20 msec) shows peripheral high signal intensity 
of methemoglobin at site of one intracerebral hematoma within temporal lobe. Temporal lobe is enlarged. 
C, Coronal T2-weighted image (TR = 2000 msec, TE = 40 msec) shows marked hypointensity centrally 
within temporal intracerebral hematoma. Peripheral high signal intensity corresponds to edema. Intracel- 
lular methemoglobin on periphery is not of high signal intensity. Note two scattered areas of high signal 
intensity near corticomedullary junctures (arrows) secondary to shearing injury. D, Axial T2-weighted 
image (TR = 2000 msec, TE = 40 msec). Same bilateral parietal high signal areas at corticomedullary 
junctures (arrows) are seen. 





identified by their signal void. 

With the conversion of deoxyhemoglobin to methemoglo- 
bin, the signal intensity becomes high on T1-weighted images 
[1]. This high signal intensity on T1-weighted images provides 
very precise gyral localization of hemorrhagic contusions and 
graphically shows the location and extent of the extracerebral 
hematomas (Fig. 3). Again, relative to CT, the multiplanar 
Capabilities of MR make a more precise anatomic depiction 
possible. 

However impressive the subacute demonstration of focal 
hemorrhages and hematomas may be, it is the demonstration 
of nonhemorrhagic parenchymal changes that is the real 
province of MR. These are areas of edema that occur at sites 
of brain injury as a result of shearing injuries and necrosis, 
nonhemorrhagic contusions, and infarction (Figs. 2 and 5). In 
this series, the majority of patients showing the nonhemor- 


TABLE 3: Chronic Head Injury® 





Finding? CT MR 
Shearing injury 
Focal contusional encephalomalacia 
General atrophy 
Gray-white matter damage 
Old intracerebral hemorrhage 








O = MOO 
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? Seven patients were examined 1 month to 3 years after injury. 
P In some patients, there was more than one finding. 


rhagic consequences of trauma fell into the head injury group 
that was studied subacutely. One of the eight acute head 
injury patients also demonstrated such findings—infarction of 
the upper brainstem and hypothalamus—not seen on CT 
(Fig. 2A). MR demonstration of infarctive changes and non- 
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Fig. 5.—Shearing injury corpus callosum in a 60-year-old woman rendered 
comatose by a motor vehicle accident. A, CT scan on day of accident shows 
no apparent abnormality at level of corpus callosum. B, Axial T2-weighted 
image (TR = 2500 msec, TE = 40 msec), 6 days after accident, shows high 


À 





Fig. 6.—Hemosiderin deposition at site of old injury. Patient is a 38-year old 
man who suffered shearing injury with hemorrhages in brainstem and white 
matter of centrum semiovale after a motor vehicle accident. CT examination at 
time of injury, and at 6 months; MR examination at 6 months. A, Axial CT 
section shows hemorrhage (arrow) in white matter contiguous to body of left 


hemorrhagic shearing injuries are findings of prognostic sig- 
nificance [7, 8] since these lesions are either fatal or result in 
poor recovery. 

Subacutely, on CT the high density of the hematoma fades 
[9]. On MR, the hyperintensity on T1- and T2-weighted im- 
ages remains [2-4, 10, 11]. Thus, in one patient with an acute 
subdural hematoma, a subacute subdural hematoma in an 
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signal abnormality involving corpus callosum (arrows). C, Lower axial section 
T2-weighted image (TR = 2500 msec, TE = 40 msec) shows high signal 
abnormality in splenium of corpus callosum (arrow) and in septum pellucidum 


(open arrowhead). 





lateral ventricle. B, Axial T2-weighted image (TR = 2000 msec, TE = 80 msec) 
shows area of marked signal hypointensity at site of hemosiderin deposition 
from previous hemorrhage (arrow). C, CT done at same time as MR shows 
enlargement of lateral ventricles, sylvian fissures, and sulci and no abnormality 
in region of old hemorrhage. 


infratemporal occipital location was found on MR. This had 
not been seen on CT. A second isodense subacute subdural 
hematoma was missed on CT but showed clearly on MR (Fig. 
3). 

In the chronic phase after injury, focal or generalized 
atrophic changes are well seen with both CT and MR. Multi- 
planar MR displays the exact gyral or lobar involvement of 
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the atrophic process better than CT, when focal. In this series 
the atrophic process was often the result of prior contusion. 
This anatomic information is invaluable in correlating the 
structural image with the functional abnormalities determined 
by psychological testing [12]. 

In the eight patients who had follow-up examinations, the 
additional benefits of MR were the demonstration of trans- 
verse sinus thrombosis in one, putaminal and uncal high- 
signal abnormalities in another, and progressive generalized 
atrophy in another, with abnormal high-signal changes in the 
white matter after a shearing injury. 


Conclusions 


Although the number of patients studied in each category 
is limited, certain preliminary conclusions appear to be war- 
ranted. The nonhemorrhagic consequences of trauma are 
much better displayed by MR than CT. Infarction, shearing 
injuries, and nonhemorrhagic contusions should be identifia- 
ble not only subacutely but acutely, and because they are 
significant consequences of trauma that are not well shown 
by CT, they should stimulate further efforts toward refinement 
of monitoring and life-support equipment for MR use with 
acute head injuries. CT remains the first diagnostic step in 
treating the emergency patient who needs a rapid examina- 
tion to determine whether surgical evacuation of a hematoma 
or medical management is indicated. MR has the capacity to 
demonstrate the cause of unexplained coma and focal neu- 
rologic deficits as well as to provide more routine diagnostic 
information. Subacutely, MR has an edge over CT in that it 
can demonstrate with graphic and precise localization extra- 
and intracerebral hematomas, even when these are isodense 
on CT. In the chronic patient, while both CT and MR demon- 
strate local and generalized parenchymal loss, MR gives the 
type of anatomic information that is needed to make sense 
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Fig. 7.—Hemorrhagic contusion of temporal 
lobes. Patient is a 30-year-old man who presented 
in a coma after being knocked off a bike by a car. 
CT and MR examinations 17 days after injury. A, 
CT shows bilateral temporal lobe mass effect con- 
sisting of edema within white matter and more 
superficial irregular areas of minimal hypodensity. 
Findings are consistent with bilateral temporal lobe 
hemorrhagic contusions. B, Sagittal T1-weighted 
image shows high signal from methemoglobin at 
site of hemorrhagically contused right middle and 
inferior temporal gyri. 


of the patient's functional state [12]. In addition, old nonhem- 
orrhagic and hemorrhagic areas can be demonstrated. 
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Gd-DTPA in Clinical MR of 
the Brain: 1. Intraaxial Lesions 





Over 35 intraaxial lesions in 15 patients suspected of having intracranial tumors were 
studied with MR before and after injection of Gadolinium-DTPA (Gd-DTPA). Diseases 
included primary and metastatic brain tumors, plaques of multiple sclerosis, occult 
arteriovenous malformations, lymphoma, toxoplasmosis, and pituitary adenoma. The 
precontrast T2-weighted sequence (SE 2000/30, 60) was found to be most sensitive in 
detecting intraaxial lesions, showing 17 lesions that were not seen on the post-Gd-DTPA 
T1-weighted sequence (SE 500/30). In one case of multiple sclerosis, several lesions 
seen on the pre-Gd-DTPA study on T2-weighted images faded after injection of Gd- 
DTPA (due to T2 shortening). In two patients with large metastatic foci, other small 
metastatic lesions were seen better after Gd-DTPA on both T1- and T2-weighted 
sequences. Four other patients with only one focal-enhancing lesion and one patient 
with multifocal lesions on T1-weighted images actually had a much larger single glioma 
depicted on pre-Gd-DTPA T2-weighted images. In a patient with AIDS, a ring-enhancing 
lesion thought to be an abscess proved to be lymphoma. The cryptic arteriovenous 
malformations enhanced but showed more characteristic findings, such as hemorrhage, 
on pre-Gd-DTPA studies. Our experience suggests that Gd-DTPA may not improve 
sensitivity of MR in the detection of intraaxial lesions. However, functional aspects of 
brain disease, such as the presence of perfusion of a lesion and active breach of the 
blood-brain barrier, are depicted well with Gd-DTPA and are vital for proper diagnosis 
in many instances. 


Early limitations of MR included relatively long study times, suboptimal charac- 
terization of disease and its chronicity, perceived inability to separate tumor from 
edema, and, on occasion, suboptimal sensitivity. CT had similar problems in its 
early stages, with suboptimal sensitivity being the most unacceptable problem but 
the one most easily remedied through the use of preexisting iodinated contrast 
agents. The impact of such contrast agents on CT provided a historical precedent 
for the development of paramagnetic contrast agents. Gadolinium-DTPA (Gd- 
DTPA) was the first such substance to be tested for human use in European trials, 
with the brain and spinal cord as early targets [1-3]. Enthusiasm for this agent’s 
utility is evident in these early trials. The first American clinical trials of Gd-DTPA 
have been completed and the initial results of tolerance, toxicity, and efficacy from 
the phase Ii multicenter trial have been reported [4]. This and the following article 
(5] elucidate the clinical experience with Gd-DTPA from a referral center for 
neurologic disease where MR had been used routinely by neuroradiologists for 4 
years prior to the introduction of this agent. 


Subjects and Methods 


Thirty patients at the University of California, San Francisco (UCSF), were enrolled in a 
multicenter clinical trial of Gd-DTPA under the guidelines of the Food and Drug Administration, 
the Human Research Committee at UCSF, and the commercial developer of the product 
(Berlex Laboratories, New Jersey). Fully informed consent was obtained from every patient. 
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Age Gender Clinical Symptoms Histology 
Primary Brain Tumors 
55 M Progressive difficulty in Anaplastic astrocytoma 
verbal fluency 
53 M Grand mal seizures Multicentric anaplastic 
astrocytoma 
42 M Grand mal and focal Anaplastic astrocytoma 
seizures 
34 M Grand mal seizures Anaplastic astrocytoma 
56 M History of astrocytoma Radionecrosis residual 
treated by radia- astrocytoma 
tion; homony- 
mous hemianop- 
sia 
32 M Petit mal seizures Anaplastic astrocytoma 


Secondary Brain Tumors 


59 F Sensory seizures Adenocarcinoma metastasis 

62 M Left arm weakness Adenosarcoma metastasis 
and dysarthria 

53 F History of breast carci- Breast carcinoma* metas- 
noma; left hemi- tasis 
paresis 

Miscellaneous Lesions 

43 M Altered mental status; Lymphoma and toxoplas- 
AIDS mosis 

37 M History of seminoma; Multiple sclerosis* 

l multifocal neuro- 

logic signs 

53 F Visual flashes; hearing Cryptic arteriovenous mal- 
loss formation 

31 M Incidental discovery; Pituitary adenoma 


head trauma 





* Denotes clinical diagnosis only. 


The enrollment requirements included strong suspicion of intracranial 
tumor. (based either on CT studies or clinical criteria) in adult patients. 
Women of child-bearing age were excluded. Following a battery of 
baseline laboratory studies [4], MR was performed before and after 
the intravenous administration of Gd-DTPA (0:1 mmol/kg), at 0.35 T 
with dual spin-echo (TE 30, 60 msec) sequences using TR of 2000 
msec (sequence A) and 500 msec (Sequence B). The order of se- 
quences was A/B, B/A/B/A/B, with Gd-DTPA delivered after the first 
AJB pair. The image matrix was 256 x 256, or 128 x 128 when the 
patient’s condition necessitated a more rapid study. The imaging time 
for an A/B pair at a matrix of 128 was 13 min; at a matrix of 256, it 
was 26 min. Slices were contiguous and 5 or 10 mm in thickness, 
depending on the anatomic region of interest. Quantitative measure- 
ments of tissue intensity were carried out before and after adminis- 
tration of Gd-DTPA by circumscribing a region of interest with an 
interactive cursor. This procedure allowed calculation of T1 and T2 
relaxation values in normal and pathologic foci. The quantitative 
aspects of the intraaxial lesions considered here are reported else- 
where as part of an overall study [6]. 

Visual evaluation of the degree of enhancement in the intraaxial 
lesions considered here was scored on a 0-2 scale by two of the 
authors (MBZ, IB), with 0 = no enhancement, 1 = equivocal enhance- 
-ment, 2 = definite enhancement. The same scoring scale was used 
to judge the ability of MR before and after the injection of Gd-DTPA 
to separate tumor from edema, identify focal cyst or necrosis, and 
provide a site for biopsy, if applicable. Finally, an overall judgment 
was made regarding the effects of Gd-DTPA on the general diagnostic 


efficacy of MR. The effect was judged positive if this agent improved 
sensitivity or made the lesion easier to see, or if it helped characterize 
the disease process. For all these judgments, both A and B se- 
quences before Gd-DTPA administration were used and compared 
with both sequences after the agent was given. 


Results 


Fifteen of the 30 patients enrolled in the study had over 35 
intraaxial lesions. The patient tolerance and toxicity data 
relative to Gd-DTPA administration is the subject of the 
multicenter report [4] and will not be considered here. The 
variety of diseases encountered are listed in Table 1. Histo- 
logic proof of the diagnosis was available in 11 of the 15 
patients. In two others with multifocal lesions, the diagnosis 
was based on the imaging studies and on definitive clinical 
criteria (multiple sclerosis, metastases). Two patients with a 
focal MR abnormality are being followed with no firm. diag- 
nosis to date. Therefore, 13 patients with an established 
diagnosis form the basis of this study. Five of the patients 
were on steroid therapy when undergoing the imaging study. 
No correlation between enhancement or lack thereof and 
such therapy was noted in this small group of patients (only 
one patient on steroids had a nonenhancing lesion). Overall, 
almost half (17) of all the lesions detected with MR showed 
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Fig. 1.—43-year-old man with AIDS, altered mental status. A, CT with contrast. B, TR = 500, TE = 30 
msec. Large region of low signal intensity is seen on T1-weighted sequence in right hemispheric white 
matter. C, TR = 500, TE = 30 msec after Gd-DTPA. Ring enhancement within this region is noted after 
Gd-DTPA, analogous to CT appearance (A). The T2-weighted sequence shows right-sided lesion as a 
circumscribed area of relatively lower intensity within a larger region of high signal, suggesting vasogenic 
edema. The appearance suggested abscess. D, TR = 2000, TE 30 msec. Second lesion is seen in left 
hemisphere, one not detectable prospectively on the CT or T1-weighted sequences either pre- or post- 
Gd-DTPA. Biopsies showed lymphoma on right, toxoplasmosis on left. (Focal area of low signal intensity 


in left frontal cortex was not biopsied.) 


no definite enhancement with Gd-DTPA. However, 10 of these 
were demyelinating plaques in a single patient with multiple 
sclerosis. The agent's effects on overall diagnostic capability 
was judged as positive in two of 15 patients and negative in 
two others. 


Detection of Enhancement 


Prior to Gd-DTPA injection, the T2-weighted sequence 
(sequence A) was the most sensitive in detecting focal lesions 
within the brain, showing 17 such lesions that were not seen 
(score 0 or 1) on the post-Gd-DTPA, T1-weighted sequence 
(sequence B). The lesions missed on post-Gd-DTPA se- 
quence B included the majority of the plaques in the patient 
with multiple sclerosis (only 10 of which were counted for the 
purpose of this study), the lesions of toxoplasmosis and 





primary cerebral lymphoma (Fig. 1) in the patient with AIDS, 
two foci of astrocytoma in a patient with multicentric astro- 
cytoma, one large infiltrating temporal astrocytoma in which 
only a punctate focus enhanced with Gd-DTPA on sequence 
B, a large parietal astrocytoma involving the thalamus (Fig. 
2), the major component of a diffusely infiltrating astrocytoma 
in which a subfrontal and posterior parietal focus of enhance- 
ment was seen, and a frontal astrocytoma in which a punctate 
hemorrhagic focus was noted. In a minority of these cases, 
minimal (equivocal) increase in signal intensity (score 1) was 
faintly visible on the post-Gd-DTPA sequence B when the 
pre-Gd-DTPA sequence was available for side-by-side com- 
parison. 

The optimal sensitivity of the T2-weighted sequence A was 
maintained after injection of Gd-DTPA with two notable ex- 
ceptions. Several of the multiple sclerosis plaques seen on 
the pre-Gd-DTPA T2-weighted sequence A disappeared on 
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Fig. 2.—55-year-old man with progressive difficulty in verbal fluency; astro- 
cytoma. A, TR = 500, TE = 30 msec. Small region of lower intensity (arrows) 
and subtle cortical mass effect is seen on T1-weighted sequence prior to Gd- 
DTPA. B, TR = 500, TE = 30 msec after Gd-DTPA. Administration of Gd- 


that sequence after injection of Gd-DTPA (Fig. 3) because of 
shortening of T2 relaxation values [6]. The intensity of one, 
focal, hyperintense site within an astrocytoma faded on the 
T2-weighted sequence A post-Gd-DTPA when compared with 
that pre-Gd-DTPA sequence. 

Gd-DTPA did improve the sensitivity of both A and B 
sequences in two of the three patients with metastatic disease 
(adenosarcoma, adenocarcinoma). Both patients exhibited a 
single enhancing lesion on CT. The pre-Gd-DTPA MR (se- 
quences A and B) showed a single lesion in one patient and 
two lesions in the other patient. In both patients, an additional 
punctate focus of enhancement post-Gd-DTPA was noted on 
sequences B and A (Fig. 4). 

Of the remaining cases, Gd-DTPA-enhanced lesions on T1- 
weighted sequence B were also detected pre-Gd-DTPA in a 
patient with multiple breast metastases, in an AIDS patient 
with cerebral lymphoma (whose toxoplasmosis lesions did 
not enhance—see Fig. 1), in a patient with multifocal familial 
occult arteriovenous malformations (Fig. 5), and in a patient 
with a large pituitary tumor. In all cases that had enhance- 
ment, the phenomenon was detectable on the first T1- 
weighted sequence after injection; however, several multiple 
sclerosis plaques and two punctate metastatic foci showed 
more conspicuous enhancement after a 20-min delay. 


Characterization 


In four of the patients (two with metastases, one with 
lymphoma, and one with treated astrocytoma), CT showed 
definite segmentation of the lesion into an enhancing com- 
ponent surrounded by low density—an appearance strongly 
suggestive of tumor surrounded by edema. In all four cases, 
the combination of sequence A and B pre-Gd-DTPA also 


DTPA yields no obvious enhancement of the lesion. C, TR = 2000, TE = 30 
msec. T2-weighted sequence shows circumscribed area of high signal intensity 
with even brighter nidus in its deep portion corresponding to low-intensity focus 
seen in A. 


indicated such segmentation. In some cases, the very low 
intensity focus on T1-weighted sequence B corresponded to 
the enhancing central component on CT, while T2-weighted 
sequence A showed the extensive surrounding high intensity 
consistent with edema (Fig. 4). Post-Gd-DTPA sequence B 
showed enhancement corresponding to that of CT in these 
cases. In others, the T2-weighted sequence A showed diffuse 
high signal intensity, suggesting edema in a vasogenic pat- 
tern, circumscribing a garland-shaped low-intensity center 
(Fig. 1). 

Cystic or necrotic components in these intraaxial lesions 
were identifiable by low-intensity foci on T1-weighted se- 
quence B, and Gd-DTPA offered little to their characterization 
other than the delayed increase in intensity of the central 
nidus of such lesions when compared with their periphery. 

Hemorrhagic foci within tumors and the occult arteriove- 
nous malformations could be identifed only on the pre-Gd- 
DTPA pair of sequences based on the high signal intensity of 
such foci on both A and B sequences. After Gd-DTPA, 
distinguishing the hemorrhagic focus from an enhancing one 
was not possible (Fig. 5). 

The pattern of enhancement offered little advantage over 
the morphologic pattern of the lesion before Gd-DTPA. For 
example, prior to biopsy, the lymphoma lesion in the AIDS 
patient was thought more likely to represent an abscess 
based on the ring-enhancing pattern with both CT and MR 
sequence B. Enhancement in a homogenous or garland- 
shaped manner was seen in primary as well as metastatic 
lesions. Thus, in any individual case, these patterns were not 
predictive of the disease. Although multifocal enhancement 
with Gd-DTPA did significantly alter the diagnostic differential 
in two patients with metastatic foci, such multifocal enhance- 
ment post-Gd-DTPA would have negatively altered the differ- 
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Fig. 3.—37-year-old man with history of seminoma 4 years earlier, recent decline in mental status and 
focal neurologic signs. CT suggested metastases. A, TR = 2000, TE = 60 msec. B, TR = 2000, TE = 60 
msec after Gd-DTPA. Multiple foci of high signal intensity consistent with diagnosis of multiple sclerosis, 
which was established on basis of this MR and subsequent laboratory and clinical evidence. Note that 
several lesions seen on routine study fade after Gd-DTPA administration (arrows). C, TR = 500, TE = 30 
msec. D, TR = 500, TE = 30 msec post-Gd-DTPA. T1-weighted sequences show fewer lesions than T2- 
weighted ones, even after Gd-DTPA. Enhancing sequences may be “active,” information not available 


without Gd-DTPA enhancement. 


ential considerations in three patients with primary astrocy- 
tomas were it not for the picture of nonenhancing contiguous 
infiltration seen with the T2-weighted sequence A. 


Discussion 


The superiority of T2-weighted sequences in the detection 
of intraaxial brain disease when compared with Gd-DTPA- 
enhanced T1-weighted sequences as documented by the 
limited experience reported here is easily understood in light 
of the pathophysiology of brain disorders. Contrast agents 
for CT, as well as Gd-DTPA, are large molecules that require 
both intact perfusion and gross active disruption of the blood- 
brain barrier (BBB) for their accumulation within the diseased 
tissues. However, only minimal BBB breakdown may be 
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needed for water to leak out into abnormal tissue. Such water 
accumulation may predate the more severe BBB disruption 
needed for leakage of larger proteins across this barrier [7]. 
Water is an inherent contrast-enhancing substance for T2- 
weighted images. Indeed, increased water may be seen in 
diseased tissues (Such as demyelinated plaques) even when 
no active BBB breakdown is present. MR’s superior sensitiv- 
ity to increased tissue water compared with contrast-en- 
hanced CT is well documented and accounts for its diagnostic 
advantage (8]. Given the pathophysiology of BBB breakdown, 
then, it is implausible that Gd-DTPA would accumulate in a 
site that did not also contain abnormal amounts of water. 
Such sites routinely yield a high signal on T2-weighted se- 
quences. The two “missed” metastatic lesions prior to Gd- 
DTPA in this series run counter to the above analysis. How- 
ever, they were both punctate and subject to partial volume 
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Fig. 4.—62-year-old man with left arm weakness and dysarthria progressing G, TR = 500, TE = 30 msec after Gd-DTPA. H, TR 2000, TE = 60 msec. I, 


over 3 weeks. A, CT shows enhancing lesion in right hemispheric white matter, TR 2000, TE = 60 msec after Gd-DTPA. Temporal focus seen after Gd-DTPA 
surrounded by low density. B, CT section of temporal lobes degraded by streak (G, I) is not visible on CT (B) or on sequences before Gd-DTPA (F, H). Note 
artifact. C, TR = 500, TE = 30 msec. D, TR = 500, TE = 30 msec after Ga- slight differences of slice orientation, indicating patient motion between pre- 
DTPA. Lesion enhances. E, TR = 2000, TE = 60 msec. Localization of lesion and post-Gd-DTPA sequences. On biopsy of large lesion, adenosarcoma was 
and differentiation from surrounding edema are possible on pre-Gd-DTPA found. 


sequences (C, E). Primary tumor was suspected. F, TR = 500, TE = 30 msec. 
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Fig. 5.—53-year-old woman with visual flashes, hearing loss. A, B, CT 
shows two partially calcified lesions; one in left thalamus, one in right occipital 
cortex. Brainstem appears normal. Angiography was negative. C, TR = 500, 
TE = 30 msec. MR shows third lesion in brainstem, missed with CT. High- 
intensity foci on T1- and T2-weighted sequences suggested subacute bleeding 
in lesion. Lack of brainstem signs or symptoms suggested occult arteriovenous 


effects in patients who moved slightly between the pre- and 
postcontrast sequences. Our results are affected, of course, 
by the pulse sequences used and by the selected population. 
The inclusion of 10 demyelinating plaques in one patient 
heavily weighted the nonenhancing lesions. Also, the relatively 
large number of primary brain tumors in our material should 
be noted. 

A major difference between the use of contrast agents in 
CT and their use in MR is documented. In CT, the greater the 
concentration of iodine in the abnormal tissue, the greater its 
enhancement. In MR, too much Gd-DTPA may produce an 
unwanted effect of decreasing the T2 relaxation time, which 
Causes signal decay, as opposed to the typical signal en- 
hancement based on more rapid T1 relaxation produced by 
appropriate amounts of the agent (Fig. 3). 

Given the observed results, the expectation that Gd-DTPA 
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malformations; biopsy of occipital lesion confirmed this. D, TR = 500, TE = 30 
msec post-Gd-DTPA. Enhanced MR cannot distinguish foci of enhancement 
from foci of hemorrhage. E, TR = 2000, TE = 60 msec. F, TR = 2000, TE = 
60 msec. T2-weighted sequences pre-Gd-DTPA show all three lesions with 
regions of signal void suggesting calcification, although hemosiderin deposition 
accounting for signal void cannot be excluded. 


might speed up the MR procedure obviating T2-weighted 
sequences will not be realized. Another early expectation— 
based on an analogy with CT—that contrast would signifi- 
cantly improve sensitivity, is also not entirely fulfilled. How- 
ever, as in the case of two of our patients with metastatic 
disease, punctate foci of BBB breakdown may be more 
conspicuous after Gd-DTPA. It should be noted that slice 
thickness of 10 mm and the slight motion of the patients 
between the pre- and post-Gd-DTPA sequences detracted 
from a truly rigorous analysis of the comparison. It does 
conform to the CT analogy, however, in that early generation 
CT scanners with less than optimal image quality were those 
that especially benefited from a contrast agent. 

The role of Gd-DTPA in helping to characterize disease 
was limited. When enhancement was seen, however, definite 
evidence of perfusion into and BBB breakdown around the 
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lesion was obtained. Such information is analogous to that 
obtained with contrast-enhanced CT. Both techniques can 
mask the presence of underlying hemorrhage if contrast-only 
studies are performed. The separation of tumor and edema 
is inaccurate on CT or MR even when a focal-enhancing 
lesion surrounded by low density is seen. All that is shown is 
the site of greatest BBB disruption, not tumor margins. An- 
other observation dispels the misconception that contrast 
enhancement correlates with tumor margins (or the degree of 
malignancy). A number of tumors (both in this series and 
elsewhere) either did not enhance at all or exhibited only 
select foci of enhancement within a much larger tumor mass, 
despite their malignancy. 

In view of this limited early experience, it is perhaps pre- 
mature to discuss the eventual rational use of Gd-DTPA in 
MR of the brain. Certain preliminary points can be made, 
however. It is an open question whether Gd-DTPA will be 
used as liberally as iodinated agents are in CT for initial 
screening studies. The optimal sensitivity of T2-weighted 
sequences will ensure their routine use unless new, more 
sensitive sequences are developed. Nevertheless, when the 
information that Gd-DTPA can provide is needed, its use will 
significantly aid the characterization of disease on MR images. 
The major role for Gd-DTPA will likely be the identification of 
active BBB disruption, especially in patients who are known 
to have underlying CNS disease. Thus, once the screening 
T2-weighted sequence shows abnormalities, a T1-weighted 
sequence with Gd-DTPA may well be obtained to characterize 
the activity of the process. For example, in the population 
over the age of 65, a high incidence of abnormal high-signal 
foci on T2-weighted sequences is known to exist. The use of 
Gd-DTPA may be routine in this age group when MR is 
ordered to look for metastases, recent infarction, or some 
other process that disrupts the BBB. Such active processes 
should enhance on T1-weighted sequences, differentiating 
them from the underlying chronic high-signal foci on T2- 
weighted sequences. Of course, if hemorrhage (e.g., hyper- 
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tensive stroke) is in the differential diagnosis, both a pre- and 
post-Gd-DTPA 1T1-weighted sequence may be needed. Gd- 
DTPA may be used when searching for pituitary microaden- 
omas. The lack of a BBB in the pituitary will allow enhance- 
ment of its extracellular space and show the hypercellular or 
cystic microadenoma as a nonenhancing focus. In patients 
with previously diagnosed infection or tumor who are 
undergoing therapy, Gd-DTPA will be useful during follow-up 
in evaluating response to therapy, identifying new foci within 
surrounding edema, or separating such foci from demyelina- 
tion due to radiation therapy. 
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Gd-DTPA in Clinical MR of 
the Brain: 2. Extraaxial Lesions 
and Normal Structures 





Fifteen patients with suspected extraaxial tumors were evaluated with MR before and 
after intravenous injection of Gadolinium-DTPA (Gd-DTPA). Meningiomas (7), neurino- 
mas (4), chordomas (2), a previously irradiated dural metastasis, and a giant aneurysm 
were studied. All the lesions except the dural metastasis enhanced. In two patients with 
asymptomatic meningiomas, the use of Gd-DTPA with MR allowed definitive diagnosis 
of the lesions when the routine MR did not. Gd-DTPA also provided improved definition 
of intracranial tumor margins, produced differential enhancement of dura and naso- 
pharyngeal mucosa from tumor, and caused enhancement of the choroid plexus, some 
venous structures, the pituitary gland, and its stalk. The enhancement of the pituitary 
suggests a role for Gd-DTPA in the diagnosis of microadenomas. Routine T2-weighted 
images without Gd-DTPA were useful in differentiating neurinomas from meningiomas. 
Judicious use of Gd-DTPA should improve the ability of MR to detect extraaxial lesions, 
delineate their extent, and characterize their perfusion. 


Extraaxial lesions offer a different challenge for MR than do intraaxial ones. Their 
location on the periphery of the brain—and therefore the edges of an axial section— 
makes them less conspicuous and subject to partial volume averaging with CSF. 
These lesions may be calcified (e.g., meningioma) or they may possess tissue with 
signal characteristics similar to normal brain (e.g., neurinoma). Both factors can 
contribute to making their MR signal similar to normal brain parenchyma. Indeed, 
problems with the identification of extraaxial lesions on routine MR have been 
encountered [1-3]. Unlike the brain, however, these extraaxial lesions lack a blood- 
brain barrier (BBB). Therefore, most of them should be ideal candidates for 
enhancement with a paramagnetic contrast agent such as Gd-DTPA [4]. The 
evaluation of this agent for this purpose is the topic of our study. Because such 
tumors often abut the normal brain, meninges, and even the nasopharynx, the 
enhancement characteristics of these structures are also briefly considered. 


Subjects and Methods 


A total of 15 patients form the basis of this study. Their lesions consisted of meningioma 
(7), neurinoma (4), chordoma (2), dural metastasis from prostate primary (1), and giant 
cavernous aneurysm (1). All the solid tumors were verified histologically; the aneurysm by 
angiography. 

The patient selection criteria, MR sequences, and dose of Gd-DTPA delivered were the 
same as those described in the preceding article [5]. The same sequential acquisition of long 
(2000 msec) and short (500 msec) TR sequences was performed. It is notable that five of the 
seven patients with meningioma were specifically referred for the MR study by their clinicians 
because of the difficulty in delineating the lesion with CT based on location (e.g., foramen 
magnum). 

Regions of interest were defined within the lesions, and the intensity values obtained were 
used for quantitative analysis of relaxation effects, the topic of a previous report [6]. Visible 
enhancement of the lesions was scored on a 0-2 basis by experienced observers (IB, MBZ): 
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Fig. 1.—66-year-old woman studied for retinal ischemia. A, CT shows homogenously enhanced lesion at 
left occipital pole. B, TR = 500, TE = 30 msec. C, TR = 2000, TE = 60 msec. Pre-Gd-DTPA sequences 
provide equivocal depiction of lesion and its extraaxial location (B, C). D, TR = 500, TE = 30 msec after Ga- 


DTPA. Definitive evaluation of meningioma is provided. 


0 = no enhancement, 1 = equivocal enhancement (detected only if 
the pre-Gd-DTPA image was available for side-by-side comparison), 
and 2 = definite enhancement. Normal structures that were included 
in the analysis included large arteries, veins, dura, gray and white 
matter, pituitary stalk and gland, choroid plexus, and nasopharyngeal 
mucosa. 


Results 


Enhancement with Gd-DTPA was noticeable in all but one 
of these lesions and was best seen on the initial short TR 
(T1-weighted) sequence obtained after Gd-DTPA. The one 
exception was a nonenhancing dural metastasis in a patient 
who had undergone whole cranium radiation (3000 rad) for 
bone involvement by metastases from prostate carcinoma. 

Enhancement with Gd-DTPA improved the conspicuous- 
ness of all the meningiomas and, in two patients, allowed the 
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definitive diagnosis to be made (Fig. 1). In both patients, the 
lesions were asymptomatic and discovered incidentially on 
CT done for other reasons. The routine MR images before 
contrast did not provide reliable identification of the lesion in 
one patient, and were not definitive of an extraaxial lesion in 
the other. Following Gd-DTPA, the homogenous enhance- 
ment of the lesions, their extraaxial location, and broad dural 
base were easily seen. 

Unlike CT, MR allowed enhancement of the meningiomas, 
while arteries coursing through the lesions or adjacent to 
them did not enhance. Therefore, MR provided better ana- 
tomic information for the surgeon (Fig. 2). The normal dura 
enhanced and washed out quickly, but meningiomas retained 
their enhancement longer. This allowed differentiation of a 
small meningioma of the planum sphenoidal from the sur- 
rounding dura in a patient with visual loss (Fig. 3). Finally, 
after Gd-DTPA, the margins of several of the meningiomas 
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(corresponding to the capsule seen at surgery) exhibited a 
hyperintense appearance when compared with the body of 
the tumor. 

All the neurinomas were easy to identify as high-intensity 
foci on the routine T2-weighted images before Gd-DTPA. In 
all cases their enhancement with the agent contributed little 





Fig. 2.—67-year-old woman with meningioma of foramen magnum. MR 
image (TR = 500, TE = 30 msec) after Gd-DTPA shows enhancing lesion, with 
vertebral artery within it seen because of signal void from rapid flow. 


Fig. 3.—70-year-old woman with visual loss in 
right eye due to meningioma of planum sphenoidal. 
A, B, TR = 500, TE = 30 msec. Sequences ob- 
tained 5 and 45 min after Gd-DTPA. Small menin- 
gioma (arrows) retains contrast agent longer than 
dura of cavernous sinus. 
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to the diagnosis. In the cases of chordoma, their high intensity 
on T2-weighted images before Gd-DTPA and their prominent 
early enhancement made differentiation of their margins from 
adjacent nasopharyngeal mucosa difficult. The mucosa faded 
on subsequent images, however, while the chordoma’s en- 
hanced intensity persisted (Fig. 4). Also of interest was the 
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Fig. 4.—20-year-old man with chordoma of clivus. MR (TR = 500, TE = 30 
msec) immediately after Gd-DTPA delineates tumor within nasopharynx. Note 
lesser intensity of intracranial component. Pituitary gland and basilar venous 
plexus enhance markedly on this early sequence, as does nasopharyngeal 
mucosa. 
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one chordoma’s intracranial component that was less en- 
hanced than its extracranial portion. 

The lack of definite enhancement of the dural metastasis 
(Fig. 5). was probably due to the patient’s previous radiation 
therapy, which may have affected the vascularity of the dura. 
The lesion was hyperdense on CT before iodinated contrast, 
showed no obvious enhancement after contrast, and ap- 
peared relatively low in intensity on pre-Gd-DTPA MR se- 
quences. A densely fibrotic, thickened region of dura infiltrated 
with prostatic carcinoma was found at autopsy 1 month later. 

Finally, MR helped define a partially thrombosed, giant, 
cavernous aneurysm (Fig. 6), thought possibly to represent a 
parasellar meningioma on CT. Gd-DTPA added no diagnostic 
information, but did enhance slow component of flow in the 
lumen as well as the thrombus (presumably due to recanalized 
channels with slow flow). The slowed flow could be defined 
on the basis of second-echo rephasing [7] prior to Gd-DTPA 
on the T2-weighted images. 

Of interest was the lack of visible enhancement of the gray 
or white matter, although the pituitary stalk and gland showed 
a prominent increase in signal after Gd-DTPA. Slowly flowing 
blood in veins and dural sinuses exhibited varying degrees of 
enhancement, as did the choroid plexus; all these structures 
enhanced early and washed out on the subsequent se- 
quences. 


Discussion 


The difficulties encountered in identifying meningiomas with 
MR relate to several factors: small size, plaquelike configu- 
ration, and relatively isointense characteristics on routine 
sequences. These may all contribute to the nondiagnostic 
appearance of these lesions. On the other hand, their usually 
typical vascularity and lack of a BBB make meningiomas ideal 
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Fig. 5.—58-year-old man previously treated 
(3000 rad) for metastases to cranial vault from 
prostatic carcinoma. A, TR = 500, TE = 30 msec. 
B, TR = 500, TE = 30 msec after Gd-DTPA. Ex- 
traaxial mass is seen in high, right parietal convexity 
with no definite enhancement of mass itself; note 
dural and leptomeningeal enhancement. 


lesions for enhancement with Gd-DTPA. The role of Gd-DTPA 
in this context needs some clarification. Most meningiomas 
that produce symptoms or signs of mass effect on adjacent 
brain will readily be recognized on routine MR images because 
of the anatomic distortion produced, if not by altered signal 
characteristics. However, when characteristic symptoms of 
visual loss, cavernous sinus involvement, or lower cranial 
nerve dysfunction suggest a planum sphenoidal, parasellar, 
or foramen magnum lesion, Gd-DTPA should be used rou- 
tinely. Appropriate timing of the study may be necessary to 
separate small lesions from adjacent dura. 

Neurinomas did not require Gd-DTPA for definitive evalua- 
tion in our series. However, no solely intracanalicular lesion 
was included. Whether Gd-DTPA will aid the identification of 
such small tumors remains to be seen. The similar degree of 
enhancement of meningiomas and neurinomas with Gd-DTPA 
abolishes their distinctly different intensity features on pre- 
Gd-DTPA T2-weighted sequences. Neurinomas routinely 
showed high intensity on such sequences, whereas meningi- 
omas do so rarely in our experience, and none of the ones in 
this series exhibited such intensity. Finally, the limited expe- 
rience described suggests other important aspects of Gd- 
DTPA. The potential value of Gd-DTPA in differentiating na- 
sopharyngeal neoplasms is suggested by the rapid enhance- 
ment and washout of normal tissue in this region and the 
temporally differential enhancement of the chordoma invading 
it. 

The enhancement of the normal pituitary suggests a role 
for Gd-DTPA similar to that of iodinated agents with CT in 
diagnosing microadenomas. The lack of enhancement of nor- 
mal gray matter and normal arterial structures is a relative, 
albeit minor, shortcoming. Further experience with Gd-DTPA 
is needed before its complementary role to routine MR can 
be fully defined. 
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Fig. 6. —64-year-old woman with suspected right paracavernous meningioma or aneurysm. A, TR = 
500, TE = 30 msec. T1-weighted images show complex paracavernous mass, including circular area of 
signal void in lateral portion and in isointense medial portion. B, TR = 500, TE = 30 msec after Gd-DTPA. 
lsointense medial portion enhances with gadolinium, as does portion of region of signal void. This suggests 
enhancement of both the clot component and the slowly flowing component within aneurysm. Note 
compression by aneurysmal mass of pituitary gland, which is enhancing. C, TR = 2000, TE = 30 msec; 
D, TR = 2000, TE = 60 msec, both without Gd-DTPA. T2-weighted images show larger area of signal 
void on first echo (C) than on second echo (D) due to element of even-echo rephasing. Clot component 
likewise is relatively greater in intensity on second echo. 
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Atoms, Radiation, and Radiation Protection. By James E. Turner. New York: Pergamon Press, 324 pp., 1986. 


Soft cover 


This textbook is a collection of material that has been used in 
teaching over many years. The first three chapters, “Atomic Physics,” 
“Atomic Structure,” and “The Nucleus,” will be of general interest to 
radiologists. The material is presented in a lucid and interesting 
manner. The remaining material is essentially a textbook of physics 
and radiation protection, at a level for students in physics. The 
presentation of problems with their solutions in this text will be helpful 
to students. 

This book might also serve as a reference for radiation safety 
officers and as a source for the preparation of courses for nonphysi- 
cists. 


Diagnostic Patient Studies in Surgery. By Bernard Sigel. 


This is a well-ilustrated text primarily written to assist surgeons in 
the diagnostic workup of patients. The author believes that errors 
that may occur in the diagnostic workup are often related to the 
choice of tests to perform and the reasons for the choices. Since half 
of this book is devoted to imaging and half to endoscopy, function 
studies, and MR it should also benefit radiologists who would like to 
participate in the complete workup of surgical patients. Part 1 covers 
imaging and provides a comprehensive overview of all imaging tech- 
niques with particular reference to surgical problems. Although the 
individual chapters are written by specialists in their field, there does 


The chapters on biologic effects are the weakest, as one would 
expect in a physics test. This is particularly true in the sections 
dealing with clinical response. However, physicists, nuclear engi- 
neers, and environmental health scientists with a good mathematics 
background will find this a useful book. 


Reynold F. Brown 
University of California, San Francisco 
San Francisco, CA 94143 


Philadelphia: Lea & Febiger, 450 pp., 1986. $60 


not appear to be any overlap between the chapters. Some of the 

individual chapters, such as CT, are excellent introductions for those 

new to the field. Part 2, on endoscopy, function studies, and MR, 

offers radiologists an updated review of the other half of the surgical 

workup. The chapters on gastrointestinal endoscopy are excellent 

and important for radiologists. Both radiologists and surgeons can 
benefit from this book. 

Leonard Goldberg 

Toronto, Ontario M6R 2M2 
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Percutaneous Drainage of 
Subphrenic Abscess: A Review 
of 62 Patients 





Sixty-two patients who presented with subphrenic abscesses had the abscesses 
drained percutaneously. Diagnosis of a subphrenic collection was usually made with 
sonography. Initial percutaneous drainage was accomplished with a combination of 
sonography and fluoroscopic guidance. More recently (in the last 31 cases) most 
drainages were done with sonographic guidance alone. Successful catheter drainage 
was achieved in 85% with a complication rate of 4.8%. Failure of catheter drainage 
(defined as any patient who was not cured by percutaneous drainage alone) occurred 
in patients with multiple collections or in whom the primary cause of the abscess 
necessitated surgery, for example, perforated ulcer, acute cholecystitis. Considerations 
for successful drainage include understanding the anatomy of the subphrenic space, 
recognizing the importance of a correct access route (avoidance of the pleura and lung), 
and the long time necessary for adequate drainage (longer than 10 days in 60%). An 
angled subcostal approach to the subphrenic space was used in 56 (90%) of 62 cases. 
No complications occurred in this group. The one pneumothorax that occurred in the 
remaining six cases was a direct result of using an intercostal approach through the 
parietal pleura into a subphrenic collection. We conclude that percutaneous drainage is 
a safe and effective method of treatment of subphrenic abscesses. 


When a percutaneous drainage of an intraabdominal abscess is performed, the 
origin of the abscess, its relationship to adjacent anatomic spaces, the type of 
content, and the presence of fistulas are the main factors that determine the 
outcome. These points are also important in the results achieved with percutaneous 
drainage of bilomas [1, 2], lymphoceles [3], enteric fistulas [4], amebic abscesses 
[5], pancreatic abscesses [6], pyogenic intrahepatic abscesses [7], and psoas 
abscesses [8]. However, despite the common occurrence of subphrenic abscesses 
in posttraumatic and postoperative patients [9, 10], the specific factors that relate 
to the results of percutaneous drainage have not been stressed [11-15]. 

We report a series of 62 subphrenic abscesses treated by percutaneous drainage 
with a success rate of approximately 85% and a complication rate of 1.6%. Analysis 
of the cases shows that important factors in the outcome concern, the anatomic 
location, the determination of the correct access route (avoidance of the pleura 
and the lung), and the duration of catheter drainage (generally longer than 10 days). 


Materials and Methods 


Sixty-two cases of subphrenic abscesses were percutaneously drained under radiologic 
guidance during 5 years between January 1981 and December 1985. Twenty of these cases 
were included in an earlier report [14]. In 52 of the patients, collections were postoperative 
complications after biliary (38) or gastrointestinal (14) surgery. In the other 10 patients, the 
cause was diffuse ascites with subphrenic loculations (three patients), gallbladder perforation 
(two), perforated ulcer (one), perforated adenocarcinoma of the colon (one), Crohn's disease 
(one), and uncertain cause (two). Forty of the collections were located in the right subphrenic 
space and 16 in the left. Six patients had bilateral collections. 
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Detection and aspiration of an abscess and insertion of a catheter 
for therapeutic drainage were usually made by using sonography, 
CT, and/or fluoroscopy (Table 1). 


Technique 


Fifty-six (90%) of the 62 catheters were inserted via an anterior or 
lateral subcostal access route (Fig. 1). Needle aspiration and subse- 
quent catheter placement were purposely not done via a direct 
intercostal approach to avoid puncturing the pleura or lung (Figs. 2 
and 3). Attempts were made to ensure that the initial insertion of a 
diagnostic needle and/or catheter were positioned below the seventh 
rib anteriorly or 10th rib laterally. After initial identification of the 
subphrenic abscess, a 20-gauge needle angled in a caudad to ceph- 
alad direction was directed toward the potential space between the 
liver/spleen and the lateral abdominal wall (Fig. 1). After confirmation 
of the presence of purulent material and the location of needle, the 
drainage catheter was placed by either the Seldinger or the trocar 
method. With either method, a guidewire was usually used to enter 
the potential space medial to the lateral abdominal wall. Even when 
trocar placement was used, a guidewire was placed through the 
cannula after insertion for use as a “protected” guide [16]. Abscess 
drainage catheters of 9- to 14-French size were used. Catheter care 
and follow-up was done in the standard manner [11-14]. 


TABLE 1: Guidance Technique Used for Catheter Placement 
PS A o i a ee RE BT Te) 
No. of Cases (%) (n = 62) 
Stage: Study 





First 31 Cases Last 31 Cases 





Diagnosis: 

Sonography 24 (77) 21 (68) 
CT 4 (13) 9 (29) 
Fluoroscopy 3 (10) T (3) 
Treatment: 

Sonography 3 (10) 20 (65) 
CT E 4 (13) 
Fluoroscopy 4 (13) T (3) 
Combined? 23 (74) 6 (19) 


* Sonography and fluoroscopy; CT and fluoroscopy. 


phrenic space. 
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Fig. 1.—Diagram of subcostal approach to sub- 


Top, After confirmation of subphrenic collection by 
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Results 


Successful catheter drainage (defined as no surgical inter- 
vention required) was achieved in 43 of 62 patients. In nine 
patients the cavity was completely drained, but surgery was 
performed for other reasons. This included failure of the 
referring physician to believe that percutaneous drainage 
would be successful (four patients) and curative surgery for 
the underlying process that caused the abscess (five pa- 
tients). The latter included biliary/small-bowel fistula (two), 
perforated cholecystitis (one), perforated duodenal ulcer 
(one), and perforated adenocarcinoma of the colon (one). One 
patient died of unrelated causes and was not considered in 
the overall results. Thus, an overall success rate of 85% (52 
of 61) was achieved. 

Nine patients were considered failures of percutaneous 
treatment. Seven of these had multiple abscesses in the 
subphrenic space and other noncontiguous locations. They 
required surgical exploration and drainage for complete cure. 
Two other patients who had unsuccessful drainages had 
perforation of the gallbladder from acute cholecystitis (one) 
and diffuse peritonitis from Crohn’s disease (one). 

Catheter drainage required for cure of the subphrenic ab- 
scesses was generally longer than necessary for abscesses 
in other locations [11-13]. Twenty cases required catheter 
drainage for less than 7 days and 32 required drainage for 10 
days or longer. In the latter group, 24 (75%) of the 32 had a 
catheter in place for at least 21 days. Eleven patients there 
had a low-flow fistulous communication with the biliary tree 
or small bowel or an enteric biliary anastomosis (Fig. 3). 

Complications of the drainage procedure were uncommon 
(4.8%): Two patients developed septicemia (defined as hy- 
potension with positive blood cultures) after catheter inser- 
tion. Both of these patients were treated successfully with 
antibiotics and fluid therapy. One patient developed pleural 
contamination and resulting empyema from inadvertent en- 
trance of the catheter into the pleural space. 


sonography or CT, needle is placed subcostally below 
pleura reflection (arrow). Needle is directed laterally 
and cephalad to inferior extent of subphrenic collec- 
tion. 

Bottom, Course and position of drainage catheter 
placed via anterolateral subcostal approach. Note that 
guidewire prevents perforation through diaphragm. 





Fig. 2.—Example of ability of sonography to delin- 
eate anatomic relationships of subphrenic space. 
Transverse sonogram demonstrates excellent visual- 
ization of location and extent of subphrenic collection 
(curved arrow). Note good delineation of relationship 
between diaphragm (straight arrow), pleural effusion 
(P), and liver (L). 
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Fig. 3.—Example of lateral subcostal approach to avoid puncturing lung 
in high subphrenic abscess in a 52-year-old man 2 weeks after cholecys- 
tectomy, who had fever and right shoulder pain. 

A, CT scan demonstrates air-fluid level in most cephalad portion of 
subphrenic space. Note that direct approach (arrow) would result in 
transgression of lung (L). 

B, Scan 3 cm inferior depicts caudal extent of collection (short arrow). 
Aspiration of abscess and insertion of drainage catheter were performed 
in this portion of collection. Second collection is in gallbladder bed (black 
arrow). 


Discussion 


In the postsurgical and/or posttraumatic patient, sub- 
phrenic abscesses are most commonly diagnosed by sonog- 
raphy and CT. In their classic treatise describing surgical 
experience with 3372 patients, Ochsner and Graves [9] 
stressed that drainage should be performed via an extraperi- 
toneal and extrapleural approach. Early radiologically guided 
procedures were performed according to this surgical dictum 
and also employed an extrapleural and/or extraperitoneal 
approach to the subphrenic space [11-13, 17]. Percutaneous 
drainage was performed via a posterior angled approach 
through the back with the patient positioned prone. More 
recently, others [10] have stressed that a transperitoneal 
approach can be performed safely if pleural contamination is 
avoided. This makes drainage through the retroperitoneum 
unnecessary. 

The subphrenic collections in this series were detected by 
sonography, CT, and fluoroscopy (Table 1). Initially, sonog- 
raphy was used most often for diagnosis, but was combined 
with fluoroscopy for catheter placement. Fluoroscopy was 
helpful in determining the exact location of the pleura and led 
to an understanding of the anatomy of the subphrenic space. 
More recently (last 31 cases), sonography has been used not 
only for diagnosis but also for monitoring catheter placement. 
During the same time, the use of CT for diagnosis has 
increased from 13 to 29%, and for guiding the actual catheter 
insertion from 3 to 13%. 

We have successfully used a lateral or anterior subcostal 
transperitoneal insertion in over 90% of cases. Placement of 
the catheter so that it enters below the seventh rib anteriorly 
or 10th rib laterally assures avoidance of contamination of the 
pleural space (Figs. 1 and 2). The catheter can then be angled 
in a caudad to cephalad manner until the collection is encoun- 
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C, Frontal radiograph showing contrast material in subphrenic cavity 2 
days after insertion of catheters into subphrenic spaces and gallbladder 
bed. Actual entrance to abscess is subcostal (straight arrow), well below 
inferior extent of pleura. Ab refers to that portion of abscess seen on CT 
scan (A). Injection of catheter in gallbladder bed demonstrates communi- 
cation with biliary system (curved arrow) and explains cause of subphrenic 
abscess. Catheter in gallbladder bed stopped draining after 5 days and 
was removed 2 days later. Subphrenic catheter remained in place for 3 
weeks. 


tered. Most often in subphrenic collections, the lateral aspect 
of the liver/spleen is separated from the intercostal muscles 
and the abdominal wall, and a catheter can be easily directed 
into the collection. 

The most important technical consideration is avoiding 
contamination of the pleura and lung. Several series have 
described infrequent but serious complications associated 
with puncture of the pleura during percutaneous biliary drain- 
age [18, 19] (Fig. 4). However, in patients with a subphrenic 
collection, the inferior extent of the pleural reflection may be 
obliterated because of an inflammatory reaction from the 
adjacent subphrenic abscess. Consequently, transgression 
through this space may be safe. Ten percent of the cases in 
our series were drained through an intercostal approach. 
However, it is difficult to decide prospectively which patients 
will tolerate an intercostal approach so that complications 
may be avoided. In most cases, a low subcostal approach is 
safe, easy, and practical. But in patients in whom a subcostal 
angulation is not possible, an intercostal puncture provides a 
viable, though more risky, alternative. 

The duration of catheter drainage in 32 (62%) of 52 patients 
in Our series was somewhat longer than the 5-7 days that 
has been suggested in previous reports [11-13]. One-third 
of the abscess cavities in our patient group communicated 
with small bowel or the biliary tree and required several weeks 
of continuous drainage until the fistula closed. In the other 
two-thirds, a longer time of drainage was required when 
compared with intrahepatic abscesses [7]. Other explanations 
for the greater duration of drainage must be considered. For 
example, after the contents of an intrahepatic liver abscess 
have been removed, normal hepatic parenchyma surrounding 
the collection collapses and granulates around the catheter 
quite readily. Well-vascularized normal hepatic parenchyma 
will accelerate the healing process. Subphrenic collections, 
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Fig. 4.—Postoperative patient 10 days after extensive pancreatic sur- 
gery wih fever and subphrenic collection. 

A, Transverse CT scan demonstrates small collection (arrow) in left 
subphrenic space bordered posteriorly and inferiorly by spleen (S), thus 
precluding standard subcostal approach. 


however, occupy “potential” intraperitoneal spaces that may 
not heal as readily as vascularized spaces. Therefore, pro- 
longed, sustained catheter drainage of infected material is 
required for total evacuation of the infected material. Although 
there may be improvement in the patient's condition because 
the purulent material has been removed, continuous drainage 
may be required for several weeks. As in all cases of abscess 
drainage, catheter removal should be determined by the 
quantity and duration of drainage. 

Failure of percutaneous drainage to completely cure sub- 
phrenic abscesses is predictable and depends on the pres- 
ence of multiple noncontiguous collections or the cause of 
the collection. Patients in our series with perforated ulcers 
and/or gallbladder disease had their subphrenic collections 
completely drained but still required surgery for the primary 
problem. 
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B, CT scan showing position of catheter that was placed under CT 
guidance by using direct intercostal approach into subphrenic collection. 

C, Catheter injection 10 days after insertion. Small amount of contrast 
material extending into pleural space (arrow). Catheter eventually became 
dislodged, and patient developed tension pneumothorax that was relieved 
by placement of catheter under fluoroscopic guidance. 
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Portable Real-Time 
Sonographic and Needle 
Guidance Systems for 
Aspiration and Drainage 





One hundred and two aspiration or drainage procedures were reviewed to determine 
the value of portable sonographic and real-time needle guidance systems. While the 
majority of thoracenteses or abdominal paracenteses were performed without the aid 
of real-time guidance, these systems were instrumental in the development of new 
procedures such as percutaneous cholecystostomy and in the drainage of small fluid 
collections in critical areas. Portable sonographic guidance was used in 32 cases, mostly 
for thoracentesis or abdominal paracentesis, but it had its greatest value in guiding 
drainage procedures at the bedside in critically ill patients. These portable drainage 
procedures included four cholecystostomies, one nephrostomy, drainage of two abdom- 
inal abscesses, and two empyema drainages. Complications included one case of an 
enterocutaneous fistula and one case of hemoptysis after thoracentesis. The failure rate 
was less than 7%. The use of portable real-time sonographic and needie-gquidance 
systems has a direct impact on improving patient care. 


Sonography has previously been described as a method to aid in the guidance 
of aspiration and drainage procedures [1, 2]. These procedures were usually 
performed in the radiology department by use of the sonographic probe to mark 
the site, depth, and angie, but with the probe removed for needle insertion. Recent 
technologic advances in sonographic instrumentation have allowed sonographic 
equipment to be transported throughout the hospital [3]. in addition, most manu- 
facturers have introduced needie-guidance systems that allow for direct neecie 
visualization with real-time sonography [3, 4]. We analyzed the impact and the 
utility of portable real-time sonography and the use of newer guidance systems in 
102 aspiration and/or drainage procedures performed under sonographic quidance 
over the last year. 


Materiais and Methods 


From the last 4000 exams performed in our department, the charts and sonograms from 
102 patients in whom aspiration or drainage procedures were performed under sonographic 
guidance were retrospectively reviewed. Amniocenteses performed within our department 
were not included in this series. Data were analyzed as to the site of aspiration, failures, 
complications, type of guidance systems, type of procedure, and the physical iocation of the 
sonographic unit at the time of drainage, that is, at bedside or in the radiology department. 

Sonographic guidance of aspiration or drainage was accomplished by using one of two 
methods. The “conventional” method consisted of marking the site of aspiration on the skin 
and removing the probe at the time of needie insertion. For instance, in performance of 
thoracentesis, the sonographic probe was used to mark the site and depth of fluid. A 22- 
gauge injection needie connected to a 12-mi syringe was passed into the suspected fluid 
collection and needle suction was applied. If this was unsuccessful, a similar technique was 
used with a 20-gauge injection needle or a 20-gauge spinal needle. Abdominal paracentesis 
was performed in a similar manner. 

Real-time needle guidance was performed with an ATL (Advanced Technology Laborato- 
ries, Bothell, WA) MK600 real-time biopsy guidance system using a roughened Tefion-coated 
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Fig. 2.—Percutaneous cholecystostomy. 

A, Roughened Teflon-coated 22-gauge needle placed into gallbladder 
under sonographic guidance (arrows). G = gallbladder; L = liver. 

B, Catheter placed through gallbladder wall under sonographic control 


needle (Cook, Bloomington, IN). In this technique, a sterile glove was 
placed over the sonographic probe, the biopsy guide was attached 
to the transducer, and the needle was inserted into the target area 
under real-time visualization (Figs. 1-3). 

Drainage was performed by either the conventional technique or 
real-time sonography using a variety of catheters. When a drainage 
procedure was performed, an initial fluid aspirate was usually ob- 
tained after passage of a 20- or 22-gauge needle under one of the 
two techniques outlined previously. A drainage catheter was then 
inserted under either sonographic or fluoroscopic control after pas- 
sage of an 18-gauge sheath needle [2]. Alternatively, when a trocar 
method of catheter insertion was performed, the catheter was usually 
passed using real-time sonographic guidance. When the trocar was 
sufficiently larger than the opening of the biopsy guide, the sono- 
graphic transducer was placed to the side of the catheter, which 
allowed for trocar visualization under real-time control [5] (Fig. 4). 
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Fig. 1.—Aspiration of lymphocyst. 

A, CT scan of pelvis showing well-circum- 
scribed lymphocyst (arrows) anterior to left ilium. 
B = bladder. 

B, Under sonographic control, a 22-gauge 
roughened needle (open arrow) was placed into 
lymphocyst (arrows) for complete aspiration. 


(arrow) showing a portion of catheter coiled within gallbladder lumen 
(curved arrow). G = gallbladder. 

C, Gallbladder markedly decreased in size after percutaneous drainage 
(arrows). 


Results 


Results are tabulated in Table 1. In general, the most 
frequently performed procedures were thoracentesis or tho- 
racic fluid drainage. Suspected pleural fluid collections were 
aspirated by the “conventional” technique. Abdominal para- 
centesis was usually performed in a similar manner. 

In general, the biopsy guidance system was most helpful 
in aspiration and drainage procedures involving the gallblad- 
der, kidney, or other portions of the abdomen and pelvis. The 
real-time system was used in 36 cases. Real-time guidance 
was especially useful in aspiration of small fluid collections 
that were once considered too small or located in too critical 
an area for attempted “conventional” aspiration (Figs. 1 and 
3). Real-time guidance was also used in most percutaneous 
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A 


Fig. 3.—Drainage of infected biloma on a 1-year-old child with a liver 
transplant. 

A, Sonogram shows a well-circumscribed fluid collection (1 cm in di- 
ameter) in left lobe (arrows). A roughened Teflon-coated needle (open 
arrow) is placed into infected biloma. L = liver. 
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B, Sonogram shows a 0.018-in. (0.05-cm) guidewire (arrows) passing 
through the 22-gauge needle and coiling within the fluid collection. L= 
liver. 

C, Using a modified Seldinger technique, a 5-French catheter was placed 
under fluoroscopic control. Injection of contrast material outlines biloma 
cavity (arrows). L = liver. 





Fig. 4.—Portable sonography-guided percutaneous aspiration and 
drainage. 

A, Transverse scan demonstrating a 22-gauge needle being passed into 
a fluid collection (open arrow) lying posterior to left lobe of liver (L). This 
and a second aspirated fluid collection (F) were loculated, noninfected 
~ ascites. 


drainage procedures, including nephrostomies, cholecys- 
tostomies, or abscess drainage (Figs. 2 and 4) (Table 1). 

Sonographic aspiration or drainage was performed at the 
patient's bedside in 32 of the cases, most commonly for 
thoracentesis or abdominal paracentesis. Nine drainage pro- 
cedures were performed at the patient’s bedside including 
four portable cholecystostomies, two empyema drainages, 
one nephrostomy, and two abscess drainages (Fig. 5). 


B, Transverse scan of left flank shows a 12-French catheter (arrows) in 
a third fluid collection that had a layer of fluid and debris (curved arrow) 
and was an abdominal abscess. B = bowel. 

C, A second catheter (arrows) was placed anterior and cephalad to first 
catheter under sonographic guidance with catheter tip lying adjacent to a 
loop of bowel (B). Neither catheter was placed through the needle guidance 
system; instead the sonographic probe was held adjacent to the catheter 
as it was being placed. An enterocutaneous fistula developed in this patient 
1 week after drainage. 


There were two complications in the 102 procedures. In 
one case, an enterocutaneous fistula occurred after abdomi- 
nal abscess drainage (Fig. 4). This was probably secondary 
to inadvertent puncture of the small bowel. Also, one episode 
of hemoptysis lasted 2 to 3 hr after thoracentesis. This 
occurred in conjunction with a fluoroscopy-guided biopsy of 
a pulmonary nodule performed at the same sitting. 

Failures at different sites are listed in Table 2. We listed 
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TABLE 1: Aspiration Drainage Procedures 











Location? Total Guide” No Guide“ Drainage“ Portable® 
Gallbladder 8 8 0 4 8 
Ascites/abdomen ai 9 18 9 11 
Thorax 28 0 28 2 10 
Renal/retroperitoneal 14 9 5 5 1 
Pelvis 13 9 8 1 1 
Subcutaneous 2 0 2 0 0 
Liver 8 3 5 2 1 
Pancreas 2 2 0 1 0 
Total 102 36 66 24 32 


3 Anatomic location of aspiration or drainage procedure. 

P Number of procedures in which guidance system was used. 

“ Number of procedures in which no guidance system was used. 
° Number of drainage procedures. 

° Number of procedures performed portably. 





Fig. 5.—Portable empyema drainage. 

A, Portable chest radiograph of a 28-year-old 
woman with multiple trauma who was suspected 
of having a right-sided empyema. 

B, Because patient was septic and too ill to 
be moved, real-time guidance was used to as- 
pirate a large fluid collection (curved arrow), 
revealing purulent material. 

C, Following a “positive” aspirate, a 12- 
French catheter was placed (curved arrow) 
through posterolateral approach by trocar 
method. 

D, Chest radiograph 1 week later documented 
catheter position (arrowheads) and almost com- 
plete resolution of patient’s empyema. 


Fig. 6.—Failed abdominal paracentesis. Lon- 
gitudinal scan showing abdominal fluid (arrow). 
Site of aspiration had been marked on the skin 
for the primary physician and procedure was 
done after patient was moved back to his bed 
on the ward. Aspiration was unsuccessful. 





seven of 102 cases as failures, which gave us an overall 
failure rate of 7%. Specific analysis shows failure of fluid 
aspiration in the abdomen in three cases; the first was a 
probable hematoma, the second was failure of aspiration of 
the pancreatic duct, and the last failure of aspiration was by 
the ward team after abdominal fluid was marked in the 


radiology department and the patient returned to the ward 
(Fig. 6). Parenthetically, this is the only case in which a 
nonradiologist attempted aspiration in this series. The pan- 
creatic duct aspiration was performed with direct sonographic 
guidance and was unsuccessful because of the deflection of 
the needle tip in the densely calcified pancreas. Failure to 
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TABLE 2: Failures of Aspiration or Drainage by Anatomic Site 
TOE ee eee eee a sess sees EE TPT TED, 


Location Failure 
Liver No fluid 
Ascites No fluid 
Pancreatic duct No fluid 
Pieural fluid No fluid 
Pleural fluid No fluid 
Pleural fluid No fluid 
Kidney Tube reposition 


Reason Guidance System 
Probable hematoma No 
Aspirated by ward No 

team 
Densely calcified pan- Yes 
creas 
Pleural thickening No 
Pleural thickening No 
Aspirated blood No 
Poor tube visualization Yes 





obtain fluid occurred three times in the thorax, two of which 
were probably secondary to an attempt to aspirate pleural 
thickening rather than fluid and one in which the procedure 
was stopped after 3 ml of blood was aspirated. No further 
aspiration was performed in either of the three failed abdom- 
inal or the three failed thoracic cases. 

Four problems occurred with drainage procedures, includ- 
ing one cathether that clotted, two failed drainages, and one 
catheter that had to be repositioned. Only the latter of these 
cases can be attributed to failure of the guidance system. 
This was a patient in whom percutaneous nephrostomy was 
performed under direct sonographic guidance at the bedside. 
Two days later when the patient could be moved, the tip of 
the tube was found to be located just within the renal calyx 
and had to be repositioned under fluoroscopic control. 


Discussion 


Percutaneous aspiration and biopsy techniques have as- 
sumed importance with the development of newer imaging 
methods such as CT and sonography. Sonography was ini- 
tially shown to be useful in guiding the aspiration of large fluid 
collections [1]. The site of aspiration or drainage was marked 
on the skin after sonographic imaging, the probe removed, 
and the needle placed without direct sonographic visualization 
f2]. Only limited initial reports demonstrated the ability of 
sonography in a direct needle visualization [5]. An important 
recent technological advance has been the development of a 
variety of sonographic needle-guidance systems that allow 
for real-time visualization of the needle as it is passed into a 
fluid collection [3, 4, 6]. This study was performed to evaluate 
the effect of these portable sonographic guidance systems 
on the performance of aspiration and drainage procedures. 

Needle aspiration or drainage was performed after removal 
of the sonographic transducer in approximately two-thirds of 
our cases. This technique was most commonly used for 
thoracentesis and thoracic fluid drainage. While there have 
been advocates of needle-quidance systems for biopsy of 
pleural-based masses [7], we have found that thoracentesis 
is best performed without a biopsy attachment. With our 
current biopsy guidance system, it is difficult to image the 
target without hitting the overlying rib with the needle. In fact, 
using the “conventional” technique, we have had only three 
failures and one complication of attempted thoracentesis in 
the 28 cases (89% success). The most common reason for 


requested sonographic guidance of thoracentesis was a failed 
attempt by the patient’s primary physician. Therefore, we 
believe that the high success rate and negligible morbidity of 
the “conventional” sonographic method of thoracentesis is a 
marked improvement over the attempted “blind” aspiration of 
thoracic fluid by the primary physician. Sonographic guidance 
of thoracic fluid drainage had a high success rate (25 of 28 
cases) with low morbidity (1 of 28 cases) and was well 
tolerated by the patients. 

Sonographic biopsy attachments were most helpful in guid- 
ance of aspiration of smail fluid collections within the abdomen 
or pelvis (Figs. 1 and 3). We used direct sonographic needie 
guidance whenever we thought that needle visualization 
would increase the retrieval rate or avoid potential complica- 
tions. In fluid collections that are small, inaccessible, or adja- 
cent to vital structures such as vessels or bowel, we feel 
more comfortable using direct needle visualization under real- 
time guidance rather than using the “conventional” technique. 

Drainage procedures are readily performed under sono- 
graphic guidance and account for one-fourth of our cases. 
Drainages were performed by using the modified Seldinger 
technique for the nephrostomies and three of the abscess 
drainages. After initial needle placement under sonography, 
fluoroscopic guidance was used [8]. A standard or modified 
trocar method was always used to perform percutaneous 
cholecystostomies—in six of the nine abdominal abscess 
drainages and in the two empyema drainages (Figs. 2, 4, and 
5). The percutaneous cholecystostomies were always per- 
formed at the patients’ bedside with the final catheter position 
documented with sonography or a portable abscessogram 
[4] (Fig. 2). Percutaneous procedures not previously per- 
formed in our hospital, such as percutaneous cholecystosto- 
mies, are now routinely performed exclusively under direct 
sonographic guidance. 

One-third of the 102 aspiration and drainage procedures 
were performed at the bedside of the critically ill patient. In 
addition to the cholecystostomies, two abdominal abscess 
drainages, two empyema drainages, and one nephrostomy 
were performed in the intensive-care units (Figs. 4 and 5). 
While portable diagnostic aspiration and drainage may be 
inconvenient for the radiologist, often these patients are so ill 
that they cannot be moved to either the radiology department 
or the operating room for drainage [3, 4]. This may have the 
most significant impact in terms of direct patient care since 
obtaining even a negative aspiration at the patient's bedside 
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may alleviate the need for exploratory surgery. Alternatively, 
a positive aspirate and accompanying drainage is often life- 
saving and previously could not be performed without such 
technologic advances as portable real-time guidance sys- 
tems. If major cardiovascular complications occur in these 
patients, they are better handled in the intensive-care unit 
than in the radiology department [3, 9]. 

One shortcoming of portable sonographic drainage of in- 
traabdominal abscesses is the unreliability in visualization of 
bowel lying between the skin surface and the fluid collection. 
This may result in inadvertent bowel perforation, and therefore 
a CT guidance is suggested in drainage of intraabdominal 
abscesses whenever possible (Fig. 4). 

Failures in this series are few. Failure of aspiration of a 
suspected fluid collection was the most commonly encoun- 
tered problem. While we list seven of the 102 cases (7%) as 
failures, the exact number of failures is probably less. The 
incidence of false-negative tests cannot be reliably ascer- 
tained in the cases in which fluid was not obtained. A specific 
comment should be made concerning the one case in which 
the site of suspected ascitic fluid was marked and the patient 
was transported to the ward team for aspiration. Although 
this method was used once in our series of 102 cases, we 
advise against it. This method presents numerous problems 
because the exact angle and depth for aspirate cannot be 
duplicated once the patient is moved; the abdominal fluid and 
‘ bowel shift as the patient changes position; and finally, the 
question of liability concerning the radiologist’s role and any 
- complications encountered by the ward team can be raised 
(Fig. 6). 

Failure of complete drainage secondary to faulty sono- 
graphic guidance occurred in only one case. This was a 
_ portable percutaneous nephrostomy that was successfully 
performed but in which good catheter position could not be 
documented until the patient was moved to fluoroscopy 2 
days later. From this experience we would advise against 
portable percutaneous nephrostomy-tube placement unless 
the patient cannot be moved and there is concomitant mas- 
‘sive dilatation of the renal collecting structures as visualized 
with sonography. 

We have found that a roughened Teflon-coated needle can 
be detected more readily than a nonroughened needle [10] 
(Figs. 1 and 2). Although these roughened needles are more 
visible, suboptimal needle visualization can occur, for exam- 

ple, with needle deflection. If the needle is deflected out of 
the path of the image, then rocking the transducer into the 
path of the needle or removing the needle from the biopsy 
guide and placing the. transducer to the side of the needle 
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may be helpful [5]. Visualization of the needle may be im- 
proved by gently jiggling it or by moving the inner stylet up 
and down [10]. 

In summary, the sonographic method of removing the 
transducer before needle insertion was useful in aspirating 
large abdominal fluid collections or in performing thoracen- 
tesis. This method of sonography-guided thoracentesis or 
abdominal paracentesis was a marked improvement over 
“blind” aspirate by the ward team. Real-time sonographic 
needie-gquidance systems were most helpful in aspiration of 
fluid collections that were small, inaccessible, or adjacent to 
vital structures such as vessels or bowel. Portable real-time 
sonographic guidance had its greatest impact, in terms of 
direct patient care, in guiding lifesaving percutaneous drain- 
age procedures at the bedside of critically ill patients. 
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Inferior Vena Caval Stent 
Filter 





New inferior vena caval filters for percutaneous placement were made by attaching 
filter wires similar to those in the bird’s nest inferior vena caval filter onto expandable 
metallic stents. These stents formed a base on which to anchor the filter to the wall of 
the inferior vena cava. The stent filter can be introduced through a 12- to 13-French 
catheter sheath system. The system was successfully tested in 13 dogs. 


For the past 20 years, interruption of the inferior vena cava has been employed 
for the management of pulmonary thromboembolism [1-5]. Various filters are 
available for placement into the inferior vena cava to trap clots from the veins of 
the pelvis and lower extremities [2, 6-9]. Although these filters effectively prevent 
pulmonary embolism, the techniques of installation are difficult and cumbersome, 
the mechanism of fixation precarious, the site of deposition critical, and the filters 
themselves may result in occlusion of the inferior vena cava [10-13]. 

Recently, Gianturco et al. [8] formulated and Roehm et al. [12] clinically tested 
a filter based on a tangle of four wires, known as the bird’s nest filter. Gianturco 
also designed an expandable metallic stent that is relatively nonthrombogenic, can 
be introduced percutaneously into the inferior vena cava, and is fixed in place by 
local dilatation of the vessel [14, 15]. In an attempt to simplify both the device and 
the method of placement, a variety of inferior vena cava filters incorporating the 
advantages of Gianturco’s two innovations are presented. 


Materials and Methods 


For these experiments, expansile stents were constructed of round stainless-steel wire 
(0.018 in. [0.05 cm] in diameter) in a zigzag configuration of five to seven bends. The length 
of the stents was arbitrarily set at 2.5 cm with an expanded diameter of 4 cm. Single or 
multiple stents were incorporated into the designs of the filter. 

Five different types of filter designs were used (Fig. 1). Type 1 was used in one dog; type 
2 in four dogs; type 3 (six bends) in three dogs; type 3 (seven bends) in two dogs; type 4 in 
two dogs; and type 5 in one dog. 


Experimental Studies 


Thirteen adult mongrel dogs (15-27 kg) were anesthetized with an IV injection of 30 mg/ 
kg sodium pentobarbital (Nembutal, Abbott, North Chicago, IL). The femoral vein was 
surgically isolated. An incision was made in the vessel and a 13-French sheath containing a 
12-French Teflon catheter with a tapered tip was inserted. Under fluoroscopic guidance, the 
assembly was advanced into the inferior vena cava just beyond the area of interest and the 
Teflon catheter was removed. The stent with the attached filter within a 12-French Teflon 
cartridge was introduced into the 13-French sheath. The filter was advanced through the 
sheath with an introducer or pusher, actually a flat-ended, 12-French polyethylene catheter 
or cable. When the stent reached the end of the sheath, the introducer was held in place as 
the sheath was withdrawn. While a portion of the stent was still within the sheath, the entire 
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mechanism could be moved within the vena cava. Once released, 
realignment of the device was difficult if not impossible. The expanded 
stent impinged on the wall of the vessel; the purpose of the overdis- 
tension was to fix the stent in position. 

When two stents were employed with intervening attached wires, 
before its release the wire mesh was crowded together by an upward 
movement of the second stent to almost abut against the first stent 
before its release. Inferior venacavography was performed immedi- 
ately, 1 week after placement, and then at monthly intervals for up 
to 5 months. 
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Fig. 1.—Inferior vena caval stent-filter de- 
signs. Longitudinal (left) and axial (right) views 
are shown for each type. 

A, Type 1, single stent (six bends) with two 
pigtail wires attached to each bend. 

B, Type 2, single stent (five bends) with one 
pigtail wire attached to each bend. 

C, Type 3, either two stents (six bends) with 
one pigtail wire attached to each bend between 
the stents (shown) or two stents (seven bends) 
with one pigtail wire per bend (not shown). 

D, Type 4, single stent (five bends) with a 
flower or “rose” design formed of 0.014-in. (0.04- 
cm) wire. 

E, Type 5, three stents (five bends) with every 
other arm attached in the center. 


The parameters investigated included (1) migration, (2) flow defects 
created by the filter, (3) inferior vena caval and renal vein patency, 
and (4) the ability to trap clots. Barium-impregnated blood clot and 
Gelfoam particles (3 mm x 3 mm x 3 mm) or long segments (3 mm 
x 3mm Xx 30 mm) were injected into a saphenous vein. Radiographs 
of the dog’s abdomen and the lungs were taken to determine the 
ability of the device to trap the radiopaque clots. 

The animals were killed at the end of the study (6-20 weeks) by 
exsanguination under deep sodium pentobarbital anesthesia, and a 
complete necropsy was performed. 
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Results 


The placement of the filters was executed without difficulty. 
The stents were positioned below the renal veins in three 
animals and purposefully bridging the veins in 10. In one 
animal, the lower of the two stents of type 3 was in the 
common iliac vein. No edema of the extremity due to venous 
occlusion or vessel perforation was encountered. The animals 
showed no evidence of distress that could be attributed to 
the stents. It was difficult to bunch up the pigtail wires in the 
vena cava without causing a change in stent position. By 4 
weeks one pigtail wire broke in two animals with no obvious 
consequences. 

Patency.—Inferior venacavography revealed that the stent 
filter often increased the diameter of the cava, but a stenosis 
occurred just below the stent in one animal with type 2, one 
with type 3 above the lower of the two stents, and one with 
type 4 at the upper stent. The inferior vena cava and the renal 
veins remained patent even when the stent bridged the renal 
veins. 

Flow defects.—There were flow defects seen at cavogra- 
phy, but at necropsy these were found to be related to the 
position of the filter rather than thrombi. 

Migration.—The expansion of the stent distending the in- 
ferior vena cava maintained the stent filter in position in 12 of 
the 13 animals. The migration of 1.5 cm occurred in only one 
animal within the first week after placement. Because of this, 
12 stents with three barbs on each were introduced into the 
vessels of three additional animals. Each barb was made of 
a 1-cm segment of wire with a distal portion (2 mm) bent at a 
right angle and projecting beyond the margin of the stent. 
The barbs were attached at equidistance from the upper 
bends of the stent. The stents with barbs remained in place 
during 3 months of observation with no complications. 

Clot entrapment.—The stent filters, especially those with 
pigtail wires (types 1, 2, and 3), trapped both small and large 
thrombi (Fig. 2). Types 4 and 5 were successful only in 
impeding the passage of the larger clots. 

Postmortem.—Cellular proliferation occurred around all the 
stent filters where the wires came in contact with the vessel 
wall, and cellular deposits were seen on all solder points. 
Within 4 weeks after placement, the stent filters were almost 
completely covered with intima while by 12 weeks all were 
encased. Even after 20 weeks no cell growth was noted on 
the wire segments that bridged the renal veins. No erosion of 
the vascular wall was noted. 

Microscopically, the stent-filter wires were located deep 
within the vessel wall and were encased by an extension of 
the intima. Immediately surrounding the wires were multiple 
layers of endothelium covered by a layer of fibrous connective 
tissue of similar thickness. A single layer of endothelium lined 
the vascular lumen. 


Discussion 


Pulmonary embolism is still a significant cause of death in 
patients after surgical procedures, congestive heart failure, 
pulmonary disease, and carcinomatosis. Interruption of the 
inferior vena cava is recommended when anticoagulation or 
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Fig. 2.—Inferior vena caval 
stent-filter function. Large and 
small particles of blood clot, Gel- 
foam, and barium were effectively 
trapped within stent filter (type 2). 





fibrinolytic therapy fails or is contraindicated. Interruption by 
surgical ligation or plication may be associated with mortality 
rates ranging from 0 to 39% and may not sufficiently prevent 
subsequent embolism [1, 3, 5]. Several mechanical devices 
have been designed to trap the large clot that arises from the 
veins of the pelvis and lower extremities. 

Of the surgically placed filters, most of the clinical experi- 
ence has been with the Mobin-Uddin filter [2, 7, 11]. This filter 
has an umbrella configuration with the tips of the spokes 
penetrating the caval wall for anchoring. The silastic webbing 
is heparin impregnated and has 18 3-mm holes. The place- 
ment requires a surgical cutdown. The Kimray-Greenfield 
filter, another frequently used device, has hooks to provide 
fixation to the caval wall without complete penetration [6, 
10]. It permits filling of 70% of the cone with blood clots with 
a decrease in the cross-sectional diameter of 50%. This filter 
was originally placed through the catheter by a surgical cut- 
down technique, but recently it was modified and was placed 
percutaneously through a 24-French catheter [13]. 

The patency rate of surgically placed IV devices is 27% for 
the Mobin-Uddin and 95% for the Kimray-Greenfield [11]. 
Both the Mobin-Uddin and the Kimray-Greenfield filters have 
a pulmonary embolism recurrence rate of 2-3%. There is also 
an increase in the prevalence of lower-extremity edema with 
the Mobin-Uddin of 75% as compared with 38% with the 
Kimray-Greenfield. 

A percutaneous approach to the placement of an inferior 
vena cava filter has captured the imagination of both the 
radiologist and the clinician. Tadavarthy et al. [13] modified 
the technique of placement of the Kimray-Greenfield filter to 
a percutaneous approach using a 24-French catheter. Lund 
et al. [16] modified the Kimray-Greenfield filter so that it can 
be placed through a 10-French catheter and can be retrieved 
from the opposite direction. Simon et al. [9] employed Nitinol 
(an expensive alloy of nickel and aluminum) to construct a 
filter, and Cragg et al. [17] used Nitinol forming a helical cone 
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for a filter. This Nitinol wire can be placed through an 8-French 
catheter. 

Gianturco et al. [8] designed a filter by using 0.152-mm- 
thick stainless-steel wire forming a mesh, attached to four 
wire prongs that were used to anchor the wire mesh to the 
wall of the vena cava. This filter, also called a bird’s nest filter, 
is currently undergoing clinical evaluation by Roehm et al. 
[12]. Gunther et al. [18] made a filter consisting of a pliable 
basket, similar to a Dormia basket, and anchoring legs made 
of stainless-steel! wire. The filter can be placed through a 10- 
French Teflon catheter and can also be retrieved with a snare 
or forceps. 

The stent filter described here compares well with the other 
percutaneously placed filters. The wire mesh used for trapping 
the blood clot is similar to the bird’s nest filter. The fixation 
mechanism is different; this filter is fixed to the vessel wall by 
the expandable metallic stent, but the bird’s nest filter is 
attached by the wire prongs. As a result, the introduction of 
this stent filter is simpler than that of the bird’s nest filter. A 
13-French sheath is required for the installation of the stent 
filter rather than the 10-French sheath needed for the bird’s 
nest filter. Migration of the stent filter can be prevented by 
overdistension and by lateral barbs. Another advantage of 
the stent filter is its expandability, which may prevent the 
stenosis observed with other types of filters. The type 2 stent 
filter was the preferred design because of the simplicity of its 
construction and because of its ability to trap clots. 

The ease of placement and the expansile nature of the 
metallic stent in combination with the ability of the bird’s nest 
filter to trap blood clots should provide an effective filter for 
the management of pulmonary embolism. 
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Expandable Intrahepatic 
Portacaval Shunt Stents in 
Dogs with Chronic Portal 
Hypertension 





A canine experimental model was used to investigate the feasibility of using balloon- 
expandable portacava!l shunts in humans with chronic portal hypertension. Intrahepatic 
portacaval shunts were created in nine dogs with stable porial hypertension previously 
induced by intraportal injections of polyvinyl alcohol (ivaion). Embolic material was 
injected periodically through a subcutaneous port that allowed repeated access to the 
portal system. Shunts were placed 14 weeks after the last embolization. A shunt patency 
rate of 100% was observed up to 48 weeks. Low portacaval pressure gradient and high 
shunt flow accounted for the good resuits. 


In a previous report [1] we described a method of creating intrahepatic portacaval 
shunts in experimental animals. The technique, modified from that of Rosch et al. 
[2], involved placement of a balloon-expandabie metal stent within a liver-tissue 
track previously formed by a transjugular needle puncture. Unlike previously 
described intrahepatic shunts [2-7], ours directly connected the inferior vena cava 
with the portal bifurcation in a side-to-side fashion. Most of our reported shunts 
remained patent for as long as they were under study; nevertheless, more than 
half required recanalization of the lumen by balloon angioplasty after early throm- 
bosis. Although these initial failures were associated with technical errors that 
resulted in obstruction of shunt flow, the lack of sustained portal hypertension and 
high flow in the shunt must have contributed substantially to the occlusions. 

To evaluate the performance of balloon-expandable portacaval shunts with 
sustained elevation of the portal pressure, we injected several doses of polyvinyl 
alcohol (Ivalon) into the portal circulation of large, adult dogs before placing 
percutaneous transjugular portacaval shunts. The objective of this study was to 
investigate further the feasibility of human application of the technique by studying 
the short- and long-term performance of intrahepatic shunt stents in experimentaily 
created chronic portal hypertension. 


Materials and Methods 
Induction of Experimental Chronic Portal Hypertension 


Nine dogs had injection ports placed subcutaneously as vascular access to the portal 
system for repeated particle embolization (Fig. 1). The ports (Norfolk Medical Products, Inc., 
Skokie, IL) consisted of a diaphragm placed subcutaneously in the right abdominal flank and 
connected to a silicone rubber 7-French tube that was introduced into the superior mesenteric 
vein through a mesenteric vein branch. An 18-gauge Huberd deflected-point needie (Norfolk) 
was used to gain access to the subcutaneous diaphragm, measure pressures. inject contrast 
material, and create embolisms in the portal system. Barium-impregnated ivalon powder 
(Unipoint Industries, High Point, NC) with a particle size of 250-400 um was suspended in 
saline and injected at a dosage of 0.5 g/week for a maximum of four doses. Embolization 
was avoided if the preembolization portal pressure was 20 cm of saline or higher. Before 
each embolization, a portogram was obtained by injecting 76% contrast material through the 
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port (Fig. 2). Four weeks after initial placement, the port was removed 
through a small skin incision. Biochemical liver profiles were assessed 
by SMA-12 (SMA = sequential multichannel autoanalyzer) analysis 
every week during the embolization period and every other week 
thereafter. A percutaneous liver biopsy was performed with a 14.5 
gauge Tru-Cut needle (Travenol, Inc., Deerfield, IL) immediately be- 
fore shunt placement. 


Placement of Percutaneous Portacaval Shunt 


Each dog was given general gaseous anesthesia, and a valved 12- 
French introducer sheath (Cook, Inc., Bloomington, IN) was placed 
percutaneously in the right jugular vein while the animal was lying on 
its left side. A 12-French Teflon dilator mounted on an 8-French 
Teflon catheter was advanced in the inferior vena cava to the level of 
the hepatic veins. The inner catheter was removed, and an 18-gauge 
cannula with a diamond-tipped mandril [1] was introduced. The needle 
tip was oriented toward the portal vein bifurcation by using (as a 
“road map”) a previously obtained portogram of the dog in an identical 
position. After the needle penetrated the portal vein, which was 














14 weeks F/U 
ee See 
Access-pon placement Serial SMA-12 Serial SMA-12 


Pressure/flow studies 
Serial portography 


Weekly embolization 
Access-port removal 


Needle liver biopsy 


Fig. 1.—Experimental design. SMA = sequential multichannel autoana- 
lyzer; F/U = follow-up. 
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perceived as a sudden give to the operator's hand, the trocar was 
removed, and portal blood was aspirated. A guidewire 260 cm long 
and 0.09 cm (0.035-in.) in diameter was advanced into the superior 
mesenteric vein. After the needle was removed, the 8-French Teflon 
dilator and 12-French sheath were advanced across the needle track 
with a rotary motion. The dilators were then exchanged for an 8 mm 
x 4 cm balloon angioplasty catheter, and the balloon was expanded 
for 3 min after the injection of 1500 units of heparin into the portal 
vein. The site where the balloon was indented before full expansion 
was used as a landmark to position the stent. 

A 30 x 3.7 mm stainless steel stent was mounted snugly over a 
10 mm x 4 cm high-pressure angioplasty balloon catheter. Unlike the 
stent used in our previous series, the new one was a single piece, a 
Stainless steel tube with parallel staggered slots etched in the wall. 
On inflation each slot became a diamond-shaped space. The wall 
thickness of the stent was 0.15 mm (0.006 in.); therefore, the diameter 
of the collapsed stent-balloon assembly was only slightly wider than 
the folded balloon and was easily introduced through the sheath's 
valve. After adequate positioning of the stent, the balloon was inflated 
and immediately deflated, leaving the expanded stent in place. After 
balloon withdrawal, pressure measurements in the portal vein, inferior 
vena cava, and right atrium and a portogram were obtained. 


Postshunt Evaluation 


Percutaneous transjugular portograms, serial SMA-12 analysis, 
and pressure measurements were obtained after shunt placement. 
Portograms and pressure studies were performed at 1, 3, 6, and 12 
weeks after shunt placement and were repeated every 12 weeks 
thereafter. Occlusive and opening portal pressures were recorded 
only once by means of a rubber occlusive balloon in the shunt lumen 
3 to 6 weeks after shunt placement. 

The fraction of portal flow shunted to the systemic circulation was 
established by injecting °°"Tc-labeled human albumin microspheres 
into the portal vein and inferior vena cava circulations and then 
comparing the corresponding radioactivity in a region of interest (ROI) 


Fig. 2.—A, After last embolization portal 
radicles are extensively filled with opaque em- 
bolic material. 

B, Contrast injection through percutaneous 
needle shows patency of portal system. 


in the upper lungs. Counts within the ROI were assumed to be 
proportional to the amount of radioactivity injected directly into the 
inferior vena cava (Aj) or indirectly through the portal shunt (Aps). 
Attempts were made to inject for each dog similar amounts of 
radioactive material into the inferior vena cava and into the portal 
vein. Average radioactivity was 1.1 mCi (40.7 MBq) per injection 
(range, 0.63-2.3 mCi [23.3-85.1 MBq}). It was assumed that the 
distribution in the lungs was the same for material entering the vena 
cava directly or indirectly, that the small number of microspheres per 
dose (20,000) would not alter pulmonary flow distribution, and that 
mixing of the labeled microspheres with blood was adequately ac- 
complished by giving injections through side-hole catheters. Given 
these assumptions, the following relationship applies: 


ROlIctsive/ROICtspy = Aive/Aps = Aive/(Apy X f) 


where ROlctsi,. and ROIctSpv represent the net counts within the lung 
ROI for the inferior vena cava and portal vein injections, respectively. 
The fraction (f) of flow from the portal vein to the inferior vena cava 
is given then by 


f = (ROIcts,,/Apv)/(ROIctSive/Aive) 


This implies that the fraction of flow to the lungs via the portacaval 
shunt is equal to the ratio of the observed net counts over the lung 
ROI, with the observed count weighted for the amount of radioactivity 
injected. The possibility of passage of microspheres through spon- 
taneous portosystemic collaterals was ruled out by observing the 
absence of such collateral flow in a portogram performed before the 
microspheres were injected. The catheter position was identical in 
both studies. 


Results 


Eight animals completed the embolization schedule and 
had a percutaneous transjugular shunt. One dog had throm- 
bosis of the portal vein at the time of portacaval shunt 
placement. Before shunt placement, one dog received two 
embolizations of Ivalon and two received three because the 
portal pressure was higher than 20 cm of saline at the time 
of embolization. The rest of the dogs received four emboli- 
zations (2 g of embolic material). The portal pressure rose 
immediately after each embolization and dropped before the 
next one (Fig. 3). The mean postembolization pressure peak 
reached maximal values after the second embolization and 
was lower in the last two. The mean portal pressure of 11 + 
5.3 cm of saline before embolization steadily increased and 
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Fig. 3.—Portal pressure (PP) 
fluctuations during emboliza- 
tions and after shunt place- 


mean value + 1 standard devia- 
tion (bars). (For clarity, stand- 
ard deviation values overlap- 
ping vertical lines between dots 


Fig. 4.—Contrast injection 
into portal vein through a trans- 


reached the highest value of 20 + 4.9 cm of saline (p < .02) 
before shunt placement. Serial measurements of serum trans- 
aminases (SGOT, SGPT) and lactic dehydrogenase showed 
an expected transient elevation immediately after placement 
of the subcutaneous port and then a decline to normal levels. 
After shunt placement there was a transient second elevation 
of the enzymes that leveled off, but at higher levels than 
those found before the shunt was placed. Serum bilirubin also 
showed this bimodal elevation. Serum albumin was lowered 
substantially after placement of the shunt, probably reflecting 
the lower protein concentration of the postshunt diet. The 
results of percutaneous liver biopsy showed that most of the 
portal areas were normal, with occasional mild periportal 
fibrosis and proliferation of the bile ducts. Ivalon filled up 
portal veins as small as 0.045 mm in diameter. The portal 
veins that remained patent appeared distended and were 
surrounded by prominent perivenous capillaries. The hepatic 
sinusoids were distended. No liver-cell necrosis or cirrhosis 
was present. 

All shunts remained open, as shown by contrast examina- 
tions, for a maximum follow-up of 48 weeks, and none of 
them had early thrombosis. The mean lumen of the shunt as 
measured on the last portogram was 79 + 12% of the 
radiopaque graft diameter. Contrast injections in the portal 
system showed that most of the flow was directed to the 
shunt, with little or no flow into the portal radicles (Fig. 4). 
Portograms taken late in the study often showed reversed 
flow in the portal branches. The mean portal pressure of 26 
+ 7.9 cm of saline after inflation of an occlusive rubber balloon 
in the shunt lumen dropped to 8 + 3.1 cm of saline after 
balloon deflation (Fig. 3). The pressure gradients across the 
shunt remained remarkably stable throughout the postshunt 
follow-up studies, averaging 2.4 + 1.9 cm of saline. The 
estimated fraction of portal flow shunted to the inferior vena 
cava by *"Tc-labeled microspheres was 95 + 11% (range, 
76-110%). The percentage in excess of 100% was assumed 
to be within the margin of error of the method. 


Discussion 


Creation of stable chronic portal hypertension in dogs by 
repeated injections of Ivalon was first described by Buergener 
et al. [8]. This model is well suited to the study of percuta- 
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neous portosystemic shunts because there is no hepatocel- 
lular damage; therefore, the animals remain healthy and in a 
good nutritional state if they are adequately supported. The 
portal obstruction is presinusoidal, but the portal vein bifur- 
cation and the major portal branches remain open, allowing 
the creation of an intrahepatic shunt with the inferior vena 
cava. We modified the method of Buergener’s group by 
temporarily placing an injection access-port in the portal sys- 
tem and by simplifying the embolization schedule. The benefit 
of having rapid access to the portal system through an 
injection port for embolization, pressure measurement, and 
contrast injection offset the extra cost and time involved in 
placing and removing the device. With successive emboliza- 
tions of Ivalon, the portal flow slows, and the possibility of 
portal thrombosis induced by the presence of the port cath- 
eter increases. Therefore, the port must be removed as soon 
as a total of 2 g of Ivalon have been injected or the portal 
pressure has been 20 cm of saline or higher for 2 consecutive 
weeks. With this method, only one animal developed portal 
thrombosis. The radiopacity provided by the barium mixed 
with the Ivalon was quite useful because it indicated the 
degree of filling of the portal radicles, the symmetry of distri- 
bution throughout the lobes, and the progressive loss of 
volume of the liver (Fig. 2A). 

Examination of the liver biopsies done before shunt place- 
ment showed no significant abnormalities. Periportal fibrosis 
was seen only occasionally. The lack of histologic abnormal- 
ities correlated with the essentially normal liver chemistry 
profiles before shunt placement. After shunting, the abnormal 
serum enzyme levels reflected parenchymal liver atrophy 
caused by the effect of portal flow diversion and high re- 
sistance in the hepatic portal circulation. 

The mean postembolization elevation of portal pressure 
was maximal after the second embolization and lower after 
the following ones. This could have been caused by the 
development of portosystemic collaterals that dampened the 
pressure rise of additional embolizations. Those collaterals 
probably atrophied or decreased in diameter a few weeks 
after shunt placement as indicated by the high occlusive 
pressures. Postshunt atrophy of the collaterals caused a 
“tighter” portal system and, therefore, high occlusive pres- 
sures. The portal pressure before each embolization in- 
creased steadily, indicating that collateral circulation, just as 
in human portal hypertension, is insufficient to effectively 
decompress the portal system. The radiopacity of the metal 
stent made the follow-up catheterizations simple. The regular, 
cylindrical lumen permitted measurement of occlusive pres- 
sure by means of an occlusive rubber balloon. Although the 
physiologic value of the test should be further evaluated, the 
portal pressure measured beyond an occlusive balloon indi- 
cated the perfusion pressure of the liver and the degree of 
atrophy of the portosystemic collaterals. 

In contrast to our earlier experience, in which half the shunts 
thrombosed during the first week [1], all shunts remained 
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open at the latest follow-up study of 48 weeks without the 
need for recanalization. The shunt lumen averaged 79% of 
the metal stent diameter as compared with 69% in our first 
series [1]. The pressure gradient across the shunt was 2.37 
cm of saline as compared with 4.9 cm of saline. These findings 
indicate the beneficial effects of the high shunt flow caused 
by the portal hypertension. This observation is confirmed by 
the measurements of shunted portal flow fraction via labeled 
microsphere, which indicated an almost complete portal flow 
diversion. The use of a new stent with lower profile and a 
“learning-curve” effect in the performance of the shunt pro- 
cedure may have contributed to the improved results. Prob- 
ably, high shunt flow is necessary to protect against throm- 
bosis before the endothelization of the inner surface of the 
shunt develops. 

Direct intrahepatic portacaval shunting may be hazardous 
in humans because of the risk of hemorrhage caused by the 
violation of the peritoneal space. Extensive anatomic studies 
must be completed before such an approach is considered. 
Until such time, adequate results may be attained by placing 
stents between proximal hepatic and portal veins, a modifi- 
cation of the method used by Colapinto et al. [6]. 
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MR Imaging of the Thyroid 





The thyroid gland was evaluated with MR imaging in six normal subjects and 32 
patients with thyroid disease. The purpose was to evaluate signal characteristics of 
normal and diseased thyroid tissue; determine the contrast between normal and dis- 
eased tissue on T1- and T2-weighted images; compare relaxation times of normal 
thyroid, adenomas, and carcinoma; and assess the capability of MR for showing the 
extent of large thyroid masses. Adenomas and carcinomas were frequently isointense 
with normal thyroid tissue on T1-weighted images but had markedly higher intensity on 
T2-weighted images. The mean T1 (1202 + 717 msec) and T2 (118 + 48 msec) relaxation 
times of adenomas were markedly longer than the T1 (721 + 97 msec) and T2 (59 = 10 
msec) times of normal thyroid tissue. Likewise, the T1 and T2 values of carcinomas 
were markedly prolonged compared with normal thyroid but the values overlapped with 
those of the adenomas. Sagittal and coronal images effectively depicted the extent of 
large goiters, adenomas, and carcinomas and indicated extension below the cervicotho- 
racic junction. The marked prolongation of relaxation times associated with thyroid 
disease causes excellent contrast of lesions with normal thyroid and surrounding 
structures. The large field of view possible with coronal and sagittal images is useful 
for assessing extensive thyroid masses. These attributes indicate the potential clinical 
utility of MR for evaluating thyroid disease. 


Because the neck is only minimally subjected to the degrading influence of 
cardiac and respiratory motion, adequate evaluation of the thyroid by using MR 
imaging is possible even with the relatively long image-acquisition times currently 
being used for clinical imaging. In this regard MR has been effective for defining 
the normal anatomy [1, 2] and tumors [3] of the larynx. However, no reports have 
yet appeared evaluating the specific use of MR for evaluation of thyroid disease. 

The purposes of our current study were to (1) determine the signal characteristics 
of the normal and diseased thyroid; (2) evaluate the contrast between thyroid and 
adjacent tissues (muscle and fat) and the contrast between normal thyroid and 
various thyroid masses on T1- and T2-weighted images; (3) define the magnetic 
relaxation times of normal thyroid, adenomas, and carcinoma; and (4) assess the 
capability of MR imaging for defining the extent of large thyroid masses. 


Subjects and Methods 
Patient Population 


Six normal subjects (aged 24-38 years) and 32 patients with thyroid disease (aged 29-79 
years) underwent MR studies. The types of thyroid abnormalities were adenoma (eight 
patients), goiter (five patients), primary carcinoma (three patients), recurrent carcinoma (nine 
patients), suspected but not confirmed recurrent carcinoma (three patients), cyst (two 
patients), thyroiditis (one patient), and postthyroidectomy (one patient). Patients referred for 
MR to evaluate thyroid disease between May 1983 and October 1985 were included in this 
study. A few patients studied in late 1983 are not included in this study because these MR 
studies could not be obtained for analysis. 
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Imager and Imaging Protocol 


MR spin-echo imaging was done with a 0.35-T cryogenic imaging 
system that has been described [4]. Multislice images were obtained 
with repetition time (TR) values varying from 0.5 to 2.0 sec and echo 
times (TEs) of 28 or 30 msec (first echo) and 56 or 60 msec (second 
echo). In nearly all patients two sets of transverse images were 
obtained: a single-echo TR 0.5-sec sequence (10 sections imaged) 
and a dual-echo TR 2.0-sec sequence (20 sections imaged). Standard 
slice thickness (z axis) was 10 mm with no gap between slices. In 
studies performed before February 1985, slice thickness was 7 mm 
with 3-mm gap between slices. In a few patients, thin slices (5 mm) 
were also obtained. In patients with large neck masses or with 
suspected substernal extension of thyroid masses or goiters, a set 
of coronal images was also obtained. Coronal images were obtained 
with dual-echo multislice sequences by using a TR of either 1.5 or 
2.0 sec. 

The standard resolution mode was used, which has a 256 x 256 
image matrix and an in-plane spatial resolution of 1.8 mm. The number 
of excitations per line was two for TR 2.0-sec sequences and four 
for TR 0.5-sec sequences. The imaging time for TR 0.5 sequence 
was 8.3 min and for TR 2.0 sequence was 17 min. An elliptical RF 
coil was used with a y axis of 30 cm and an x axis of 58 cm. 


Verification of Thyroid Abnormalities 


Twenty-seven of 30 abnormalities were established from operative 
findings along with gross and microscopic pathologic examination. In 
two other patients, needle aspirates at sites of possible recurrence 
of thyroid carcinoma were negative. In two patients with multinodular 
goiter, neither surgery nor a needle biopsy was done. In one patient 
with possible recurrence of thyroid carcinoma, a reoperation has not 
yet been performed. 


Image Analysis 


The images were analyzed retrospectively by two reviewers to 
determine the morphologic appearance and visible signal character- 
istics of the normal and diseased thyroids on the T1- and T2- weighted 
images. This consisted of a judgment regarding asymmetry or en- 
largement of the thyroid; abnormal increase or decrease in signal of 
regions of the thyroid; invasion or displacement of adjacent tissues, 
airways, or blood vessels by tumors; or recurrence of thyroid carci- 
nomas. 
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The quantitative analysis involved the determination of the per- 
centage contrast for normal thyroid tissue relative to adjacent fat and 
muscle on T1- and T2-weighted images with regions of interest placed 
over normal (average 15 pixels) and diseased (average 17 pixels) 
thyroid tissue. This was calculated by the following formula, % 
Contrast = (Ix — | thyroid)/(Ix + | thyroid/2), where | = image intensity 
and x = muscle or fat. 

The percentage of contrast between thyroid masses and normal 
thyroid tissue was also calculated on both T1- and T2-weighted 
images. This was calculated by the formula, % Contrast = (I mass — 
| thyroid)/(| mass + | thyroid/2). 

The T1 and T2 relaxation times were determined for normal thyroid 
(Six), adenomas (eight), and carcinomas (four) by using the double 
spin-echo formula [5]. These values were not obtained for all ade- 
nomas and carcinomas, because in some instances either data were 
not available (deletion of a necessary pulse sequence) or regions of 
interest were considered too small to provide reasonable measure- 
ments. 

Qualitative observations on MR images were correlated with op- 
erative and histologic findings. Both qualitative and quantitative analy- 
sis of the images were done in most instances with knowledge of 
these findings. Indeed, the gross and microscopic pathologies were 
used to guide the site for placement of regions of interest. Because 
this was a retrospective study, no attempt was made to define the 
diagnostic accuracy of MR in regard to other imaging techniques in 
these patients. 


Results 


Normal Subjects 


The normal thyroid gland had medium intensity on the T1- 
weighted (TR 0.5, TE 30) images; signal intensity was much 
lower than surrounding fat and slightly to moderately higher 
than that of overlying strap muscles (Fig. 1). On the T2- 
weighted (TR 2.0, TE 60) images, the intensity of the thyroid 
showed a relative increase compared with the T1-weighted 
images; signal intensity was distinctly greater than that of the 
overlying strap muscles. The intensity of the thyroid was 
always homogeneous on T1-weighted images and usually 
homogeneous on T2-weighted images (Fig. 1). However, two 
volunteers had nonhomogeneous intensity on T2-weighted 


Fig. 1.—T1- (A) and T2- (B) weighted images of 
thyroid in normal subject. Transverse images at 
same anatomic level through middle of gland. 
Strap muscles (straight arrows), longus colli mus- 
cle (curved arrows), anterior scalene muscle (s). 
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images; small regions of high intensity were evenly and dif- 
fusely distributed throughout both lobes. 

Quantitation of contrast between thyroid and adjacent tis- 
sues and measurement of relaxation times were consistent 
with the above qualitative observations. The percentage of 
contrast between thyroid and fat on T1- and T2-weighted 
images was 75.6 + 12.7% and 58.5 + 14.3%, respectively. 
The contrast between thyroid and muscle on T1- and T2- 
weighted images was 23.8 + 6.5% and 65.3 + 15.4%, 
respectively. The T1 and T2 relaxation times of thyroid tissue 
were 571.6 + 30.7 and 49.6 + 8.6 msec, respectively. 


Goiter 


Goiters showed low to medium intensity on the T1- 
weighted images (Fig. 2). The intensity was similar or only 
slightly increased compared with the normal thyroid. On the 
T2-weighted images, all five goiters were heterogeneous and 
contained multiple regions of high signal intensity (Figs. 2 and 
3). Three of the five goiters were composed of substernal 
portions; the coronal images displayed penetration through 
the cervicothoracic junction and the extent of the mediastinal 
mass (Fig. 3). 

Four of the five goiters contained focal adenomatous 
changes at pathologic examination. These regions had higher 
signal intensity than the remainder of the thyroid on the T2- 
weighted images in all four patients (Fig. 2B). Relaxation times 
could be measured in three of these patients; the T1 values 
of these adenomatous foci ranged from 815 to 990 msec 
among these patients, while the T2 values ranged 59 to 158 
msec, respectively. Both values were higher than the remain- 
der of the thyroid in these patients and in the range observed 
for true adenomas in patients without goiters. For determi- 
nations of percentage contrast and relaxation times, the 
values for these regions of focal adenomatous hyperplasia 


A 


Fig. 2.—T1- (A) and T2- (B) weighted images in patient with multinodular goiter. Goiter has low, 
homogeneous intensity on T1-weighted image and high, heterogeneous intensity on T2-weighted 
image. Some regions of adenomatous hyperplasia (arrowhead) have higher intensity than remain- 
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(four patients) were grouped with the values for solitary 
adenomas. 


Adenoma 


The eight benign adenomas were grouped together regard- 
less of histologic type because of the limited number of 
subjects. Visual inspection of the T1-weighted images 
showed asymmetry of the lobe at the site of the adenoma. 
Intensity of the adenoma was more than 10% higher than 
that of normal thyroid on T1-weighted images for five of the 
eight patients in whom such measurements were possible. 
However, increased intensity of the adenoma was visually 
discernible in only one subject (Fig. 4). The other seven 
adenomas were nearly isointense (six patients) or slightly 
hypointense (one patient) with the normal thyroid tissue (Fig. 
5). On the T2-weighted images all the adenomas had mark- 
edly higher intensity than the normal thyroid tissue (Figs. 4 
and 5). 

Coronal images displayed the full extent of the adenoma. 
They provided a clear depiction of the relationship of the mass 
to the cervicothoracic junction and of its effect on the airway 
(Fig. 5). 

The percentage of contrast between adenoma and normal 
thyroid could be calculated for T1- and T2-weighted images 
in seven and eight patients, respectively. The mean percent- 
age contrast was 11.9 + 8.4% for the T1-weighted images 
and 51.9 + 14.9% for T2-weighted images. The T1 and T2 
relaxation times for the adenomas were 1202.8 + 517.8 and 
118.1 + 48.8 msec, respectively. In each subject, the T1 and 
T2 times were greater for the adenoma when compared with 
normal thyroid tissue. However, within the group of patients, 
T2 values overlapped for normal and adenomatous regions 
in three instances, but T1 values overlapped in one instance. 





Fig. 3.—Coronal image reveals substernal ex- 
tension of multinodular goiter. Note lateral dis- 
placement of left neurovascular bundle (arrow). 


der of goiter. Note compression of left jugular vein (straight arrow) and displacement of right 
jugular vein (curved arrow). Goiter extends behind and anteriorly displaces trachea. 
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Fig. 4.-—-T1- (A) and T2- (B) weighted images of 
patient with single nonfunctioning nodule. Ade- 









A 


Fig. 5.—Transverse T1- (A) and T2- (B) weighted and coronal (C) images 
show large adenoma of left lobe of thyroid. It is isointense on T1-weighted 


Carcinoma 


T1-weighted images were available in seven and T2- 
weighted images in all 12 patients with thyroid carcinoma. 
The tumors were recurrent in nine of the 12 patients. In three 
patients, comparison with normal thyroid tissue could be 
made. The intensity of the carcinoma was less than normal 
thyroid (Fig. 6) in two patients and greater than normal thyroid 
in the one patient (Fig. 7) on the T1-weighted images. The 
carcinoma was also essentially homogeneous on these im- 
ages. However, most of the mass had higher intensity than 
normal thyroid in all patients on T2-weighted images. Both 
primary and recurrent carcinoma showed heterogeneous in- 
tensity on T2-weighted images in all but one patient. 

The MR images demonstrated well the displacement and 
impingement on the neurovascular bundles (Figs. 6 and 8), 
displacement and invasion of the larynx and trachea (Fig. 6), 
and invasion of surrounding muscles (Fig. 8). The coronal and 


noma has high intensity on both images. 


image and markedly increases in intensity on most T2-weighted image. 
Coronal image displays full extent of large adenoma. 


Sagittal images provided a composite view of the extent of 
the mass and invasion into the mediastinum (Figs. 6 and 8). 
The MR images showed extensive invasion of the neck and 
mediastinum in the two patients with anaplastic carcinoma 
and in another patient with recurrent papillary carcinoma (Figs. 
6 and 8). 

In the three patients with carcinomas, the percentage of 
contrast between carcinoma and normal thyroid ranged from 
3.6 to 11% on T1-weighted images and from 40.5 to 75.9% 
on T2-weighted images. The T1 and T2 relaxation times were 
1244.7 + 440.3 and 94.3 + 10.5 msec, respectively. 

MR showed small to extensive local recurrences in five 
patients and recurrence to local lymph nodes in three subjects 
(Fig. 9). Recurrence in mediastinal lymph nodes was demon- 
strated in three patients. These were demonstrated with 
optimal contrast on T1-weighted images, where nodes had 
low signal intensity compared with surrounding fat. 
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Fig. 6.—Recurrent thyroid carcinoma. Transverse T1- (A) and T2- (B) age. Tumor extends into trachea and longus colli muscles (straight arrows). 
weighted and parasagittal (C) images. Carcinoma has low intensity on T1- Full extent of invasive carcinoma is displayed by parasagittal image; tumor 
weighted image and heterogeneous higher intensity on T2-weighted im- extends deeply into mediastinum to level of aortic arch (curved arrow). 


Fig. 7.—T 1- (A) and T2- (B) weighted images 
of follicular carcinoma. Tumor has higher inten- 
sity than normal thyroid on both images. 





Fig. 8.—Anaplastic invasive carcinoma. Transverse T1- (A) and T2- (B) normal thyroid (curved arrow). Trachea and left neurovascular bundle 
weighted and coronal (C) images. Tumor has low intensity on T1- weighted (straight arrow) are displaced laterally by tumor. Right jugular is occluded. 
image, where its interface with fat is distinct. It has high intensity on T2- Coronal image shows extension of mass deeply into mediastinum. 


weighted image and can be distinguished from small region of residual 
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Miscellaneous Abnormalities 


A thyroid cyst (blue dome) had increased intensity relative 
to normal thyroid on both T1- and T2-weighted images. In a 
patient with granulomatous thyroiditis, the thyroid gland was 
enlarged with the right lobe enlarged asymmetrically. Com- 
pared with the values of the normal thyroid glands, both T1 
(1046 msec) and T2 (61 msec) times were prolonged. 


Postoperative Changes 


Twelve patients were studied to detect or determine the 
extent of possible local or nodal recurrence of thyroid carci- 
nomas. Recurrence in the neck was demonstrated in nine 
patients. Recurrence was confirmed by surgery in seven 
patients, but no recurrence was found in one patient in whom 
MR suggested recurrence anterior to the jugular veins bilat- 
erally. The remaining patient has not had another operation. 
In two patients, extensive local recurrences were demon- 
Strated (Fig. 8). Recurrences were demonstrated in cervical 
(Fig. 9) and mediastinal lymph nodes. In all subjects who had 
thyroidectomy, a rim of low-intensity tissue surrounded the 
trachea (Fig. 10). This tissue showed a relative decrease in 
signal intensity compared with muscle on T2-weighted images 
and presumably represented fibrosis in the thyroid bed. 


Discussion 


Our study indicates that, on MR, the thyroid gland has a 
signal intensity distinct from other tissues in the neck when 
both T1- and T2-weighted images are used. The maximum 
contrast between adenoma and carcinoma compared with 
normal thyroid tissue was observed on T2-weighted images, 
which reflected a more than twofold higher mean T2 time for 
tumors compared with normal thyroid. Since the average T2 
for the adenomas was greater than 90 msec, it is likely that 
the contrast would be greater with even more T2 weighting, 
achieved by prolonging the TE to 90 msec. The T1-weighted 
images are also useful for evaluating thyroid masses, because 
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Fig. 9.—Transverse image shows recurrent 
thyroid tumor (straight arrow) and overlying met- 
astatic lymph node (curved arrow). Trachea and 
esophagus are displaced leftward. 


Fig. 10.—Transverse image shows rim of low- 
intensity tissue (arrows) surrounding trachea in 
area of resected thyroid bed. This rim of fibrous 
tissue is normal postthyroidectomy appearance. 


they provide clear definition of the interface between infiltrat- 
ing tumors and surrounding fat and the best contrast between 
lymph nodes and the fat [5]. 

Some thyroid nodules show high signal intensity on T1- as 
well as on T2-weighted images. This can be expected when 
there has been hemorrhage into a cyst or adenoma or in the 
presence of colloid degeneration in an adenoma. Highly pro- 
teinaceous fluids have a relatively short T1 [6]. 

The average T2 relaxation time of adenoma is longer than 
that observed for other tumors [7]. Only 11 and 7% of primary 
hepatic tumors had T2 values greater than 90 and 100 msec, 
respectively [7]. In our current study, the mean T2 value for 
adenomas exceeded 100 msec and for carcinomas exceeded 
90 msec. Five of nine thyroid carcinomas had T2 values 
greater than 100 msec. However, the range of T2 values for 
adenomas was very wide. Both T1 and T2 values had some 
overlap between benign adenomas and carcinomas. Thus, 
with current techniques for estimating relaxation times, spe- 
cific tissue Characterization for thyroid mass does not seem 
possible. 

MR imaging and other techniques are used to detect re- 
currence of carcinoma after thyroidectomy. Recurrent tumor 
in the resected thyroid bed or along the course of the jugular 
vein must be distinguished from postoperative fibrosis. Fi- 
brous tissue has a short T2 relaxation time [8], which should 
reduce signal intensity on T2-weighted images. In our current 
Study, a rim of tissue with low signal intensity was observed 
in the thyroid bed after thyroidectomy. This characteristic of 
fibrous tissue differs considerably from the qualities of tumor, 
which typically has a long T2 relaxation time [7, 8]. However, 
in one instance, a substantial amount of soft tissue beneath 
the sternocleidomastoid muscle after neck dissection had a 
medium-intensity signal on T2-weighted images and was 
misinterpreted as probable recurrent tumor. This experience 
suggests that differentiation of recurrent tumor and postop- 
erative fibrosis may not always be possible based upon tissue 
appearance on T2-weighted images. 

Radionuclide imaging has traditionally been the primary 
procedure used in the assessment of thyroid abnormalities; it 
defines the function of thyroid tissue and shows if palpable 
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nodules are composed of functioning thyroid tissue [9]. It also 
defines the presence of residual or recurrent functioning 
thyroid tissue after thyroidectomy for carcinoma. Compared 
with other techniques, it has the limitation of low spatial 
resolution. 

Sonography defines thyroid masses and is especially ac- 
curate for determining the solid or cystic nature of thyroid 
nodules [10, 11]. Sonography is limited in defining substernal 
extension and retrotracheal components of thyroid masses. 

The role of MR in thyroid imaging is probably similar to that 
of CT [12-14]. Both techniques are useful for defining the 
extent of large tumors, especially in depicting substernal 
extension and components located behind the airways. 
Likewise, these techniques are useful in determining the 
infiltration of masses into surrounding tissues. MR has some 
potential advantages over CT for the assessment of invasive 
carcinomas of the thyroid. The direct coronal images availabie 
with MR provide a large field of view and demonstrate the 
neck, cervicothoracic junction, and superior mediastinum on 
one or two images. This enables composite visualization of 
the full extent of large thyroid malignancies and substernal 
goiters. The excellent contrast between tumor and normal 
muscle on MR is useful for assessing muscle invasion; ab- 
normalities involving the muscles cause an alteration in the 
signal intensity of the muscle [15]. 

At this stage in the evaluation of MR for the diagnosis of 
thyroid disease, it seems to have a role in two areas: (1) to 
assess the extent and invasiveness of large thyroid carcino- 
mas and the extent of substernal goiters, and (2) to detect 
and define the extent of recurrent thyroid carcinoma. 
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Book 
Review 





Diagnostic Nuclear Medicine. By Henry N. Wagner, Jr., Julia W. Buchanan, and Danilo Espinola-Vassallo. 
Chicago, Year Book Medical, 430 pp, 1986. 


The 18 chapters of this book cover such topics as the brain, heart, 
lung, thyroid, bone, liver, spleen, gastrointestinal tract, gallbladder, 
kidney, testes, lymph nodes, subphrenic space, iliopsoas space, 


peripheral vascular system, salivary glands, adrenal glands, blood - 


platelets, and surgical shunts. In addition, most topics are broken 
down into common disease states, such as depression and Alz- 
heimer’s disease for the brain. There is an appendix of commonly 
-used radiopharmaceuticals at the end of the book. 

The organization of the book is good and the quality of illustrations 
` varies from good to excellent. The text is easy to read with only a 
few typographical errors. Some discrepancy between the forward 
and the preface of the book exists; this is not a comprehensive 
coverage of the field of nuclear medicine and is geared more to the 
general practitioner, radiology resident, the nuclear medicine resident, 
and the medical student rather than the full-fledged practitioner of 
the specialty of nuclear medicine. It does, however, represent a good 
didactic approach to the teaching and application of the specialty of 
nuclear medicine in the evaluation of the patient. 

The references are generally up to date. Although | cannot agree 
with all the legends and points covered in the discussion, this book 
presents a particular philosophy and subjectivity of its authors. The 
textbook does not have a thorough review of the literature nor a 
comprehensive review of the subject material. 

The undue emphasis on the use of positron emission tomography 


(PET) in the brain section relfects the subjectivity of the authors, 
since this is a major area of research from their institution. The 
coverage of PET for the heart, for example, is not presented, which 
places out of perspective the availability and prevalence of PET for 
brain imaging as a routine study in most major hospitals. 

The American College of Radiology periodically produces a nuclear 
radiology. syllabus. Although their syllabus does not cover all the 
topics in such a systematic manner as this textbook does, it does 
present an excellent didactic approach that is more comprehensive 
and thought-provoking than the Diagnostic Nuclear Medicine text- 
book. It is also less subjective. 

The textbook under review presents the opportunity to review 
quickly the various disease states in a somewhat simplified manner 
in which the specialty of nuclear medicine could benefit the patient. 
lt is, however, not a textbook on nuclear medicine, nor does it 
thoroughly evaluate other diagnostic techniques for a particular pa- 
tient problem. This is a weakness of the book, since other techniques, 
such as sonography, MR, and CT, are important in the evaluation of 
the patient and in many instances the question is: which is the most 
cost effective or the most efficacious test in the workup of the patient? 
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Comparison of the Contrast- 
Enhancing Properties of 
Ailbumin-(Gd-DTPA) and Gd- 


DTPA at 2.0 T: An Experimental 
Study in Rats 





Albumin-(gadolinium-diethylenetriaminepentaacetic acid), albumin-(Gd-DTPA), a 
macromolecular MR contrast agent designed for intravascular distribution, was com- 
pared with gadolinium-diethyienetriaminepentaacetic acid (Gd-DTPA), an extracellular 
fluid agent, for imaging characteristics in normal rats at 2.0 T. Albumin-(Gd-DTPA) 
produced farger-intensity increases in myocardium (125%), liver (714%), and brain 
(21%), at a dose of 0.062 mmol Gd/kg than did Gd-DTPA at a dose of 0.2 mmol/kg. The 
duration and pattern of enhancement differed between the two compounds; the enhance- 
ment with albumin-(Gd-DTPA) persisted at relatively constant levels from 2 min to 1 hr. 
The Gd-DTPA tissue enhancement peaked at 2 min and had virtually disappeared at 60 
min. Gd-DTPA better enhanced subcutaneous tissues, presumably because of capillary 
permeability and enhancement of the abundant extracellular fluid space. When albumin- 
(Gd-DTPA) is used, the strong persistent enhancement of the microvascular compart- 
ment is well demonstrated on subtracted images and supports potential application of 
albumin-(Gd-DTPA) for biood-volume and perfusion-dependent contrast enhancement 
of myocardium, liver, and brain. 


IV administration of gadolinium-diethylenetriaminepentaacetic acid (Gd-DTPA), 
as shown in experimental animals [1-4] and more recently in clinical trials [5], can 
dramatically change the MR imaging appearance of specific tissues. Like classic 
iodinated contrast agents (e.g., diatrizoate) used in conventional radiography, Gd- 
DTPA distributes after IV administration within the extracellular fluid compartment 
(ECF), does not penetrate the blood-brain barrier, and is rapidly eliminated by the 
kidney [2, 4, 6-9]. This particular distribution allows for application of Gd-DTPA as 
a contrast medium for urographic imaging, for demonstration of abnormal capillary 
permeability associated with inflammation and tumors [2, 5], and for evaluation of 
blood-brain barrier integrity [5-7]. 

Gd-DTPA, however, has certain limitations for use in contrast enhancement of 
perfusion or blood-volume abnormalities. Experimental data indicate that 5 min 
after IV injection, 80% of the administered Gd-DTPA dose has disappeared from 
the intravascular space [8]. About 50% of this compound is cleared from the 
capillaries into the interstitial space on the first pass (Weinmann H-J, personal 
communication). This rapid distribution of Gd-DTPA into the ECF does not permit 
a selective enhancement of the intravascular space, which is desired for assess- 
ment of blood volume or tissue perfusion. A contrast agent retained in the vascular 
space could, in theory, provide direct, specific information on biood volume and 
tissue perfusion. 

Human serum albumin has been paramagneticaily labeled by covalently binding 
an average of 16 Gd-DTPA chelates to each molecule of albumin [10]. This product 
had an exceptionally high T1 relaxivity (R1) (relaxation rate per millimolar agent) of 
R1 = 313 mM™' sec™' relative to protein concentration when measured at 10.7 
MHz. For comparison, the R1 value of Gd-DTPA is 4.9 mM™ sec”’ [4]. Thus the 
molar relaxivity of each Gd-DTPA chelate was increased approximately threefoid 
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by binding it to albumin [10]. Both biodistribution and prelim- 
inary in vivo imaging studies have shown that albumin-(Gd- 
DTPA) remains largely confined to the vascular space for up 
to 90 min after IV injection in rats [11]. 

The goal of our present study was to compare the in vivo 
contrast-enhancing properties of albumin-(Gd-DTPA) and Gd- 
DTPA in normal rodent tissues including the heart, liver, and 
brain by using short pulse sequence settings at 2.0 T. It was 
postulated that the enhancement after IV injection of albumin- 
(Gd-DTPA), compared with Gd-DTPA, would produce equal 
or larger tissue-intensity gains for a longer time interval, and 
that the pattern of enhancement would differ from that of Gd- 
DTPA. 


Materials and Methods 
Contrast Media 


Human serum albumin was labeled with Gd-DTPA and character- 
ized as previously described [10, 11]. The albumin-(Gd-DTPA) used 
for the present study had: an average of 31 Gd ions per albumin 
molecule and had a T1 relaxivity of R1 = 350 mM™ sec™ at 2.0 T. 
The Ti and T2 relaxivities, measured at 0.25 F, were R1 = 424 
mM” sec”? and R2 = 569 mM“ sec”. An aqueous solution of native 
bovine serum albumin, obtained in crystalline form (Sigma Chemical, 
St. Louis) was used in control experiments. Both native bovine serum 
albumin and albumin-(Gd-DTPA) were administered by IV injection of 
160 mg/kg (0.0024 mmol protein/kg). The dimeglumine salt of Gd- 
DTPA (Schering A.G., Berlin) was administered intravenously at a 
dose of 0.2 mmol/kg. 


Imager Pulse Sequences and image Subtraction Technique 


All imaging experiments were performed with a Generai Electric 
CSI-H 2.0-T (85.6-MHz proton-resonant frequency) chemical-shift- 
imaging spectrometer (GE Medical Systems, Fremont, CA). The 
proton imaging sequence used throughout this study was that of a 
standard spin-warp 2DFT sequence that employed a single 2-mm 


slice thickness with four phase-cycled signal acquisitions. The raw — 
data matrix size was 128 phase-encoding cycles by 512 complex ` 


data points (quadrature detection mode) transposed to 512 x 512 
image-output pixels (256 level gray scale) over a 150 x 150 mm field 
of view (FOV). Only repetition time {TR} and echo time (TE) values 
were varied; all other parameters (FOV, gain, image processing) were 
held constant. A specially designed 53-mm outer-diameter (130-mm- 
long) imaging coil of the low-pass birdcage resonator design [12] was 
employed with a balanced-matched tuning network [13] for all im- 
ages. This design allowed for near-complete coil filling with excellent 
sensitivity and B1 homogeneity over the imaged volume. 

Postcontrast-minus-precontrast image subtraction was performed 
by signal subtraction of the original, precontrast 128 x 512 raw data 
matrices from the postcontrast matrices followed by the standard 
image processing technique used for all images. 


Selection of Pulse Sequence and Dose 


Test-tube phantoms were prepared by addition of 0.0, 1.8, 3.7, 
5.6, 7.5, 9.5, 11.5, 13.6, 15.7, 17.8, and 20.0 mg of albumin-(Gd- 
DTPA) to samples of 4.5 mi of human plasma. These dilutions 
correspond to an increase in total plasma albumin concentration of 
0%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, and 10% {albumin- 
{Gd-DTPA}/total albumin). 
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Transverse spin-echo (SE) images of the tubes were obtained by 
using pulse sequences of SE 220/14, SE 220/28, SE 300/14, SE 
300/28, SE 460/14, and SE 460/28, where the first number desig- 
nates the TR (msec) and the second number designates the TE 
(msec). A test tube filled with commercial corn oil was used as an 
intensity standard. Signal intensities for the images of the test tubes 
were determined by region-of-interest (ROI) measurements (minimum 
60 pixels/ROI) over the center of each tube. 

The influence of various pulse-sequence settings was further in- 
vestigated in two rats. After intraperitoneal injection of sodium pen- 
tobarbital (Sodium Pentobarbital Injection C, Anthony Products, Ar- 
cadia, CA) (40-50 mg/kg), the 200-g female Spraque-Daweley rats 
were separately positioned supine in the coil. Coronal SE images that 
had TR and TE times of SE 220/14, SE 220/28, SE 300/14, SE 300/ 
28, SE 460/14, and SE 460/28, respectively, were obtained at the 
level of the left ventricle, and the images were qualitatively evaluated 
for chamber and major vessel resolution. 


Comparison of Albumin-(Gd-DTPA) and Gd-DTPA 


Animals were prepared for imaging by intraperitoneal injection of 
40-50 mg/kg sodium pentobarbital. A 23-gauge scalp-vein catheter 
was placed into the tail vein of each 200-g female Spraque-Daweley 
rat. Each of the 12 rats was imaged separately, lying supine in the 
coil, with the head elevated 1 cm. Precontrast single-slice SE images 
of the animals were obtained in the coronal plane at the level of the 
left ventricle, brain, and fiver. Single-slice SE images (SE 300/14) 
were chosen (see Results) for the comparison of albumin-(Gd-DTPA) 
and Gd-DTPA. Five rats received 160 mg/kg (0.0024 mmol! protein/ 
kg) of albumin-(Gd-DTPA), five rats received 0.2 mmol/kg of Gd- 
DTPA, and two rats received 160 mg/kg of native bovine serum 
albumin, Images were acquired before and at 2, 20, and 60 min after 
injection of albumin-Gd-DTPA (n = 5), Gd-DTPA (n = 5), or native 
serum albumin (n = 2). 

in addition, the degree of contrast enhancement and the distribu- 
tion properties of albumin-(Gd-DTPA) for various anatomic structures 
were studied. Without changing the position of the rat, images of the 
head, thorax, and upper abdomen were obtained in the coronal plane 
at 12 different levels, from the spine to the anterior chest wall. Each 
contiguous slice had a thickness of 2 mm. The first image was 
obtained 60 min after injection of 160 mg/kg of albumin-(Gd-DTPA) 
while the last image, due to acquisition and data-processing time, 
was completed 180 min after injection. 


Intensity Measurements 


The image gray scale using the CSI-II 2.0 T imager was automati- 
cally adjusted to the highest image intensity. Thus, signal intensity 
values obtained for the plasma phantom model with various pulse- 
sequence settings were not directly comparable. In comparison of 
RO! intensity data for various pulse-repetition times, the intensity 
data of the plasma phantoms were normalized by means of the ratio 
of intensities for the oi] phantom, which was measured at the different 
TRs. 

Signal-intensity values were determined for all pre- and postcon- 
trast images of rats by ROI measurements over the parenchyma of 
the left lobe of the liver, the left ventricular wall, the left hemisphere 
of the brain, and the corn-oil phantom. The ROIs incuded a minimum 
of 20 pixels and were held constant while the pre- and postcontrast 
signal intensity of each organ was measured. The intensity values 
were normalized for each image with the equation, relative intensity 

= intensity of sampie/intensity of standard. 


The intensity values were presented as mean + 1 SD on an 
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arbitrary linear scale. Differences between pre- and postcontrast 
signal intensities were assessed, as appropriate, for significance by 
means of the paired t test. Scores of p < .01 were considered 
significant. 


Results 
Selection of Pulse Sequence and Dose 


Intensity data from the doped plasma solutions demon- 
strated the effects of different concentrations of aloumin-(Gd- 
DTPA) and of pulse-sequence settings on the image intensity 
(Fig. 1). Long TR and short TE values produced high absolute 
signal intensity for all solutions. This behavior is consistent 
with the SE intensity equation [14]. 

In comparing the effect of the concentrations of albumin- 
(Gd-DTPA) at TRs of 220, 300, and 460 msec on the signal 
intensity, the maximum intensities were observed, respec- 
tively, at 5%, 3.5%, and 2.5% concentrations of paramagnetic 
albumin relative to total plasma albumin (TE = 14 msec). With 
the same TR values and a TE of 28 msec, the optimal 
concentrations were found to be at 4%, 3%, and 2% (Fig. 1). 
Thus, the longer TR interval (460 msec) could be used advan- 
tageously to yield comparatively high signal intensities with 
small doses (2.5% or 2%) of paramagnetic agent. 

Yet another factor in the selection of pulse settings for in 
vivo studies was anatomic resolution. For resolution of the 
beating rodent heart, the TR value of 300 msec in combination 
with a TE value of 14 msec produced the sharpest delineation 
of the cardiac chambers. 

While a long TR interval of 460 msec produced a high signal 
intensity with a low dose of paramagnetic agent, contrast 
differences with and without paramagnetic agents are better 
emphasized with a shorter TR time [1, 2, 15] that would favor 
the use of a TR of 220 msec. As a compromise, the SE 300/ 
14 parameters and a 160 mg/kg albumin-(Gd-DTPA) dose 
[16, 17} were selected for subsequent in vivo imaging. 
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Fig. 1.—Signal intensities of test tubes containing concentrations of 0- 
10% albumin-(Gd-DTPA) in plasma as measured on spin-echo images 
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Comparison of Aibumin-(Gd-DTPA) and Gd-DTPA 
Enhancement 


All images obtained in this series of 12 rats provided 
excellent anatomic resolution of the brain, liver, and heart 
using an SE 300/14 sequence (Figs. 2-4). No signal was 
observed from flowing blood in the major vessels and cardiac 
chambers before’ administration of contrast media (Figs. 2 
and 4). Without ECG gating, the images allowed for delinea- 
tion of the left and right ventricular walls and the interventric- 
ular septum before and after injection of albumin-(Gd-DTPA) 
(n = 5), of Gd-DTPA (n = 5), or of unlabeled albumin (n = 2) 
(Figs. 2-6). 

Enhancement of the liver parenchyma, the myocardium, 
the brain, and several large venous structures was observed 
2,.20, and 60 min after injection of 160\mg/kg of albumin- 
(Gd-DTPA) (Fig. 2). Signal enhancement of slowly flowing 
blood was observed in the atrial appendices, veins of the 
liver, upper extremities, and mediastinum. This enhancement 
persisted qualitatively unchanged for 60 min after injection 
(Fig. 2). In two animals that were reimaged 72 hr after injection 
of albumin-(Gd-DTPA) (n = 2), the signal of previously en- 
hanced tissues had returned to baseline levels of intensity. 

Quantitative analysis of the signal intensity data obtained 
from five animals that received albumin-(Gd-DTPA) showed 
that, by 2 min postinjection, the liver parenchyma was en- 
hanced by 114%, the myocardium by 125%, and the brain by 
21% relative to respective precontrast values (Fig. 7). The 
Signal intensity of these tissues remained unchanged for 60 
min. The increases in tissue signal intensities measured at 2, 
20, and 60 min after administration of albumin-(Gd-DTPA) 
were significant (p < .01) in each case, but time-dependent 
variations in intensities for each tissue were not significant. 
Administration of unlabeled albumin (n = 2) did not alter the 
image intensities. 

Images of one rat studied at 12 different coronal planes 
with 2-mm contiguous slices after administration of 160 mg/ 
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acquired with three repetition times: 220 (C2), 300 (+), and 460 (©) msec; 
and two echo times: 14 (A) and 28 (B) msec. 
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kg albumin-(Gd-DTPA) showed a more complete pattern of 
enhancement, including all walls of the cardiac chambers 
(Figs. 3E-3G). The two strongly enhanced areas at the base 
of the heart probably represented relatively stagnant blood in 
the atrial appendices (Fig. 3F). Blood flowing centrally in the 
internal jugular veins showed no enhancement, while a slight 
enhancement caused by laminar flow was noted close to the 
walls of both of these veins (Fig. 3G). The rapidly flowing 
blood in the hepatic and supradiaphragmatical portions of the 
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Fig. 2.—Coronal spin-echo images 
(SE 300/14) of rat before (A) and 2 min 
(B), 20 min (C), and 60 min (D) after IV 
injection 160 mg/kg albumin-(Gd- 
DTPA). Test tube containing commer- 
cial corn oil is attached to rat. Time- 
consistent signal enhancement is seen 
of myocardium, liver, and slow-flowing 
blood in several vascular structures in- 
cluding brachiocephalic veins. 


Fig. 3.—From a series of 12 contig- 
uous coronal spin-echo images (SE 
300/14), selected slices are included 
from level of posterior mediastinum (A) 
up to anterior chest wall (H). Rat had 
supine position in coil with head ele- 
vated by 1 cm. First image (A) was 
acquired 60 min after IV injection of 160 
mg/kg albumin-(Gd-DTPA). Last image 
(H) was acquired 3 hr after injection of 
contrast medium. Note enhancement of 
liver (A-H), myocardium (E-G), and 
bone marrow (A and H). Contrast be- 
tween flowing blood in inferior vena 
cava and descending aorta is best 
seen on B. Enhancement of slow-flow- 
ing blood in pituitary (G) and choroid 
plexus (H) and brachiocephalic veins 
(F and G) can be appreciated. 





inferior vena cava, cardiac ventricles, and abdominal aorta did 
not show enhancement (Fig. 3B). No signal enhancement was 
seen in the blood in the ascending and descending aorta or 
in the main pulmonary artery (Figs. 3B-3E). 

The blood in the liver veins appeared brighter than the 
surrounding liver parenchyma (Fig. 3B). The spleen was seen 
as a small triangular area of high signal intensity in the left 
midabdomen (Fig. 3C). In the brain, after administration of 
albumin-(Gd-DTPA), several vascular structures were en- 
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Fig. 4.—Series of coronal spin-echo 
images (SE 300/14) of a rat before (A) 
and 2 min (B), 20 min (C), and 60 min 
(D) after IV injection of 0.2 mmol/kg 
Gd-DTPA. Myocardium, liver, and sub- 
cutaneous tissue appear enhanced (B). 


Fig. 5.—Distribution of albumin-(Gd-DTPA) 60 min after injection. Pre- 
contrast image (A), image acquired 60 min after injection of 160 mg/kg 
albumin-(Gd-DTPA) (B) (both A and B spin-echo 300/14), and subtracted 
image (C) are shown. 


hanced including the pituitary and the choroid plexus (Figs. 
3F-3h). 

The macromolecular contrast medium appeared to accu- 
mulate in the bone marrow producing in-signal enhancement 
of the vertebral bodies, pedicles, ribs, and sternum, compat- 
ible with the large blood volume of the bone marrow (Figs. 
3A, 3B, and 3H). 

Because of the image-acquisition and data-processing 
times for each single-slice image, the images shown in this 
series were acquired between 1 hr (Fig. 3A) and 3 hr (Fig. 3H) 
after IV injection of albumin-(Gd-DTPA). Contrast enhance- 
ment was still appreciable at 3 hr after administration of the 
contrast medium. 

At 2 min after administration of 0.2 mmol/kg of Gd-DTPA, 
enhancement was observed of the myocardium, liver paren- 
chyma, and subcutaneous tissues (Fig. 4). Blood in the he- 
patic veins and the choroid plexus also showed signal en- 
hancement (Fig. 4). Signal enhancement of these tissues was 
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Fig. 6.—Distribution of Gd-DTPA 2 min after injection. Coronal precon- 
trast (A), 2 min postcontrast (B) (both spin-echo 300/14), and subtracted 
(C) images are shown. 


already considerably decreased by 20 min and had returned 
to baseline 60 min after injection (Fig. 4). 

Quantitative analysis of the intensity data obtained in five 
rats at 2 min after injection of Gd-DTPA showed that the 
signal intensity of the myocardium was increased by 80% (p 
< .01) (Fig. 8). The intensity of the liver parenchyma increased 
by 60% at 2 min postinjection relative to the precontrast value 
(Fig. 8). Liver enhancement was significant at a score of p < 
.05 but not at p < .01. The signal intensity for heart and liver 
showed a substantial progressive decline over 60 min. At 20 
and 60 min after injection of Gd-DTPA, no significant change 
in signal intensity relative to the precontrast values could be 
recorded. The intensity changes in the brain were not signifi- 
cant at any point. 

The subtracted images clearly showed the different bio- 
distribution of albumin-(Gd-DTPA) and Gd-DTPA (Figs. 5 and 
6). The myocardium, liver parenchyma, and spleen, as well 
as the blood in the liver veins, the brachiocephalic veins, and 
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Fig. 7.-Time-dependent signal-intensity changes (mean values + 1 
SD, n = 5) of brain, heart, and liver before and 2 min, 20 min, and 60 min 
after IV injection of 160 mg/kg albumin-(Gd-DTPA). All changes were 
significant (p < .01). 


the-vascular plexus in the pituitary fossa, showed observable 
signal enhancement on the 60-min postcontrast minus pre- 
contrast image after injection of albumin-(Gd-DTPA) (Fig. 5). 
The 2-min-postcontrast minus precontrast subtracted im- 
age after administration of Gd-DTPA showed enhancement 
of the myocardium, liver parenchyma, marrow, and subcuta- 
neous tissue (Fig. 6). Enhancement in the blood of the liver 
veins could also be appreciated. The postcontrast-minus- 
precontrast image obtained 60 min after injection did not 
reveal any remaining contrast-enhancing effect of Gd-DTPA. 


Discussion 


The results of this comparative imaging study of Gd-DTPA 
(0.2 mmol/kg) and albumin-(Gd-DTPA) (0.062 mmol Gd/kg) 
demonstrated that both contrast media produced easily ob- 
served enhancement of highly vascular tissues, including the 
myocardium and liver. Important differences were (1) the 
macromolecular albumin-(Gd-DTPA) induced greater intensity 
changes and that these changes persisted for 60 min as 
compared with the gradual loss of enhancement with Gd- 
DTPA; (2) only albumin-(Gd-DTPA) produced significant en- 
hancement of the brain; (3) the patterns of distribution varied, 
as expected for an intravascular agent, albumin-(Gd-DTPA), 
and Gd-DTPA, that equilibrates with the interstitial extravas- 
cular space; (4) with Gd-DTPA, there was a clear enhance- 
ment of subcutaneous tissues that was not observed with 
albumin-(Gd-DTPA); (5) albumin-(Gd-DTPA) induced signifi- 
cant enhancement of the bone marrow and of the blood in 
mediastinal veins and atrial appendices; this enhancement of 
the normal blood pool demonstrated by albumin-(Gd-DTPA) 
may prove useful for diagnosing abnormalities of tissue blood 
volume or perfusion. 
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Fig. 8.—Signal-intensity changes (mean values + 1 SD, n = 5) of brain, 
heart, and liver before and 2 min, 20 min, and 60 min after IV injection of 
0.2 mmol/kg Gd-DTPA. Significant { p < .01) changes are indicated by plus 
sign. 


Gd-DTPA has been studied extensively as an MR contrast 
agent in laboratory experimentation and in clinical trials [1— 
8]. This small molecule (590 daltons) distributes throughout 
the interstitial space after IV administration, allowing for en- 
hancement of inflammatory lesions [2] and tumors [5-7] with 
abnormal capillary permeabilities and expanded interstitial 
spaces. An estimated 50% of Gd-DTPA is cleared from the 
vascular space into the extravascular compartment on the 
initial pass through the capillaries (Weinmann H-J, personal 
communication). Ex vivo studies of canine myocardial ische- 
mia using-Gd-DTPA have shown a dynamic distribution and 
enhancement pattern with this compound [15, 18]. Initially 
the contrast agent enhances normal myocardium with no 
effect on ischemic and infarcted regions, but after 5 min the 
relative enhancement reverses [18]. This dynamic pattern 
presents a disadvantage for the application of Gd-DTPA for 
the assessment of perfusion; the accumulation of this agent 
depends not only on perfusion but also on capillary permea- 
bility and the size of the interstitial space. A paramagnetic 
agent largely confined to the vascular space might be used 
advantageously for direct assessment of tissue perfusion. 

The image subtraction technique was particularly useful to 
highlight the in vivo differences in distribution between Gd- 
DTPA and albumin-(Gd-DTPA). Postcontrast-minus-precon- 
trast subtracted images only displayed the enhanced tissues. 
Elimination of background signal may prove useful for detec- 
tion of small, enhancing lesions, for defining the vascular 
anatomy, and for detection of small differences in enhance- 
ment. With the subtraction technique, a substantial. signal 
enhancement of highly vascularized tissues and of slow- 
flowing blood in smail-to-medium-—sized veins was seen 
clearly on images up to 60 min after injection (Fig. 5). The 
myocardium and liver parenchyma are highly vascular tissues 
with average measured blood volumes in the rat of 262 yl/g 
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and 270 ul/g, respectively [19]. The blood volume of brain 
tissue, 33 yl/g, is considerably lower [19]. These differences 
in organ blood volumes explain, apart from the inherent T1 
and T2 values of the tissues, the strong signal enhancement 
in myocardium and liver and the considerably lesser enhance- 
ment in the brain with albumin-(Gd-DTPA) and the absent 
cerebral effect with Gd-DTPA. 

Albumin-(Gd-DTPA) is a relatively new contrast agent for 
MR imaging, and its pharmacologic properties are not yet 
fully defined. This conjugate is synthesized by reaction of the 
cyclic anhydride of DTPA with albumin and subsequent ad- 
dition of an excess of Gd** ions before purification by exten- 
sive dialysis [10]. The DTPA groups are covalently linked to 
the amine moieties of albumin, and the Gd*” ion is chelated 
in the DTPA ligand. 

Our present imaging results with albumin-(Gd-DTPA) con- 
firm previous in vitro biodistribution studies conducted in rats 
over a 90-min observation period [11]. These earlier data 
indicate relative constant accumulation levels in the blood, 
heart, lung, liver, kidney, and brain, listed in order of decreas- 
ing concentrations [11]. In our present in vivo study, tissue 
enhancement was greatest for the heart, followed by the liver 
and brain. No loss of contrast enhancement was observed 
over 60 min. The degree of tissue enhancement was excel- 
lent, exceeding that observed with Gd-DTPA. Lung and renal 
enhancement could not be adequately evaluated on the cor- 
onal images used in this study for assessment of brain, heart, 
and liver. 

In our study, ECG gating was not used (not available with 
our imaging system); but in a previous study [11], with the 
same dose of albumin-(Gd-DTPA) at 0.35-T in gated SE 
images, we observed a 32% myocardial enhancement, per- 
sisting up to 23 min after injection. This degree of enhance- 
ment points out the importance of pulse-sequence settings 
on the effectiveness of contrast media. The gated cardiac 
images, acquired with a TE of 28 msec, had an effective TR 
greater than 500 msec, and thus, were not as T1-weighted 
as the pulse sequence used advantageously in the present 
study (SE 300/14). The contrast enhancement was apparently 
stifled by using the longer TR and TE times. It is postulated 
that at short TRs, the water protons interacting with the 
paramagnetic contrast agent will relax fast enough to provide 
signal intensity, whereas tissue water unaffected by contrast 
agent will quickly become saturated and will fail to contribute 
to the signal intensity. The overall image intensity will diminish; 
however, signal intensity caused by contrast-mediated relax- 
ation, and thus contrast enhancement, will provide a large 
percentage of image intensity. 

High field strength had apparently little influence on contrast 
enhancement. High field strengths are known to generally 
attenuate proton relaxation effectiveness of paramagnetic 
contrast media [20, 21]. Also, the R1 relaxivities of albumin- 
(Gd-DTPA) were shown to be 350 mM™' sec” at 2.0 T and 
424 mM™' sec”! at 0.25 T. Yet the anticipated loss of en- 
hancing effectiveness at higher fields was negated by the use 
of heavily T1-weighted pulse sequences. The observed en- 
hancement from albumin-(Gd-DTPA) and Gd-DTPA might be 
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even more dramatic at lower field strengths, if we assume 
constant pulse-sequence settings. 

No adverse reactions to 160 mg/kg alburnin-(Gd-DTPA) 
were observed in six rats, but complete foxicoiogic assays 
are not yet available. For reference, albumin used as a plasma 
expander in man can be administered intravenously in doses 
exceeding 1 g/kg, a sixfold higher dose than used in this 
study. The possible immunologic consequences of using a 
modified protein must be examined before ciinical testing. 
Also lacking are studies of metabolism and elimination of 
labeled albumin. Rather, the goal of this study was to dem- 
onstrate the effectiveness and to suggest potential applica- 
tions of paramagnetic macromolecular contrast media; the 
optimal compound of this class must yet be determined before 
clinical studies can be started. 

The potential applications of albumin-(Gd-DTPA), a proto- 
type intravascular, macromolecular contrast-enhancing agent, 
might include the demonstration and gradation of ischemia in 
myocardial, hepatic, and cerebral tissues. The assessment of 
blood volume and perfusion may also be possible for tumors, 
inflammatory lesions, and organs not investigated in this 
study. The combination of albumin-(Gd-DTPA) and recently 
available fast image-acquisition sequences may provide useful 
information about the initial distribution phase of this intravas- 
cular agent. The addition of functional information about 
tissue perfusion and blood volume might expand the diagnos- 
tic value of MR imaging. 
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MR Artifacts: A Review 





The process of creating MR images frequently gives rise to artifacts in the final 
display. Many artifacts may be corrected or ameliorated through an understanding of 
their cause. This requires familiarity with scanner design; theory of operation; and image 
acquisition, generation, and display. Some artifacts are obvious, totally degrading the 
image; others are regional, leaving much of the scan undisturbed. In some cases, the 
degradation is permanent; in others, the data can be reprocessed or manipulated to 
yield artifact-free images. Some artifacts are overt and easily identified. Others, such 
as those caused by phase-shift or gradient-strength effects, are subtle and require 
careful observation for detection. 


The acceptance of MR imaging in clinical practice has brought with it a require- 
ment for recognition and understanding of the various artifacts that may occur 
during each step of the scanning process, from data acquisition through image 
display. As is the case with each of the other radiologic techniques, numerous 
artifacts are associated with MR scanning [1-5]. With an understanding of their 
cause, many may be corrected, minimized, or avoided, either at the source before 
data acquisition or at the reconstruction stage after data acquisition. Although 
artifacts are capable of causing severe image degradation, many more subtle 
effects exist that can also lead to misinterpretation of the image. Our main concern 
here is to draw attention to both the subtle and obvious changes in contrast that 
may lead to misdiagnosis. 

Artifacts are a problem in MR imaging because the complexity of the imaging 
sequences introduces the opportunity for multiple sources of systematic error. 
Physical constraints, such as the presence of field inhomogeneity, and hardware 
limitations contribute further problems. Also, numerous sources of spurious noise 
(both sequence- and system-related) can cause image degradation. 

The various artifacts may conveniently be considered under the following head- 
ings: sequence, reconstruction algorithm, field, and noise. Each category can in 
turn be subdivided into system- and patient-related artifacts. Many of the artifacts 
demonstrated here were deliberately generated for illustrative purposes. They in 
no way represent the image quality to be expected from a properly functioning, 
well-calibrated scanner. 


Technique and Methods 


Two-dimensional Fourier transform (2DFT) imaging is now the standard method for 
acquiring data in MR imaging [6]. The most common technique is the spin-echo sequence 
(Fig. 1) used to refocus static field inhomogeneities. This sequence requires the application 
of a 90° RF pulse to rotate the magnetization into the plane transverse to the static magnetic 
field. A gradient is often applied in one direction during the RF to select a slice of interest. At 
an echo time (TE) of TE/2 later, a 180° refocusing RF pulse is applied so that at a time TE 
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after the initial excitation the magnetization refocuses or echoes even 
in the presence of field inhomogeneities. The data are then sampled 
centered about this time. 

In order to extract two-dimensional information, the spins are 
spatially encoded in one direction by phase encoding and in the other 


90° 180° 


TE 
tgq=0 Teos TE 
D SS er 
TE-T TE+T 


Fig. 1.—Standard 2DFT sequence structure showing radiofrequency 
and gradient timing and profiles. Timing (t) is counted from center of 90° 
pulse, with echo occurring at t = TE. Sampling runs from TE — T to TE + T 
being of duration T, = 2T. G.. = section select gradient; Gpe = phase 
encoding gradient; G, = read gradient. 


BELLON ET AL. 


AJR:147, December 1986 


by frequency encoding. This is accomplished in the latter case by 
applying a dephasing gradient between the 90° and 180° pulses and 
then a rephasing or read gradient centered about TE so that the 
spins still echo at TE. In the former case, the phase encoding can 
take place before or after the 180° RF pulse but must be changed 
each time the sequence is rerun. Each such collection of data is 
referred to as a view, with all views collectively representing a 
complete scan. The time between each view is the repetition time 
(TR). 

The number of sample points and the number of views determine 
the amount of spatial information or resolution for that scan. The field 
of view (FOV) is also determined by the appropriate choice of sam- 
pling time and gradient strength. Smaller FOVs are normally achieved 
by increasing the gradient strength. Finally, the data are sampled and 
a two-dimensional discrete inverse Fourier transform performed to 
produce an image. Most images presented in this article are based 
on spin-echo sequences with the parameters: sampling time, 80 
usec; read gradient, 1 mT/m; FOV, 30 cm (head), 45 cm (body); 
sampling points, 256; and views, 256. Where deviations from this 
parameter set occur, the values of the modified parameters will be 
stated. 


Sequence Artifacts 
System-Related 


Inherent in all MR techniques is the assumption that the RF 
pulses are ideal. For example, in a spin-echo multislice ex- 
periment, it is assumed that slices have square profiles and 
the RF field distribution is uniform throughout the plane. 
Deviations from ideal pulses can cause various artifacts: 
broad slice profiles or perfect thick slices produce partial- 
volume effects (Fig. 2A), and profiles with multiple lobes 
produce scan sections that contain contributions from out-of- 
slice material (Fig. 2B). In the former case, a small tumor 
could be lost in a thick slice if surrounded by high-intensity 
tissue. (However, even going to a thin slice may not allow 
identification of the tumor if contrast-to-noise is now too low.) 
The latter is caused by 180° pulses acting as 90° pulses 





Fig. 2.—Partial-volume effect. 


A, Coronal section through cervical spine at nominal 10-mm section thickness contains information 
from outside ideal slice. Note transverse contributions (arrows) from intervertebral disks anterior to 


plane of section, projecting faintly over cord (TR 700, TE 40). 


B, Out-of-slice contribution in region of liver, with single acquisition. Vertical line with alternating 


intensity colloquially referred to as the “zipper” artifact. 


Fig. 3.—Central point artifact. When direct cur- 
rent level of each view in scan is not constant, line 
artifact occurs in phase-encoded direction. When 
all views have same direct current offset, line 
reduces to a point artifact (arrow). Image is a 
transverse pilot brain scan with 128 phase-encod- 
ing steps (views) and TR 200, TE 40. 
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outside the slice and is overcome by appropriately phase- 
alternating one of the pulses and combining the data from 
two acquisitions. This twofold excitation removes the artifact. 
When clinical requirements necessitate a short scan time and 
only a single acquisition is used, the resulting artifact is a line 
(or lines) through the image along (parallel to) the frequency- 
encoded axis. With ideal RF pulses, high-quality, artifact-free 
images are routinely obtained, even with one acquisition. 

A similar artifact occurs if the direct current (DC) level of 
each phase-encoding step (view) in the scan is not constant. 
This leads to a line along the phase-encoded axis. If all views 
have the same DC offset, the artifact reduces to a central 
point (Fig. 3). This point actually gets spread over several 
pixels because of the finite number of data points used. It 
may be particularly troublesome if located over a clinically 
significant region. For example, when the artifact falls over 
the midbrain or pons, it needs to be distinguished from a 
small infarct. The solution again involves appropriate RF 
phase cycling and data subtraction. 

Image quality is also sensitive to the read-gradient level. 
The read gradient and the size of the FOV together determine 
the sampling rate and hence the frequency content per pixel 
in the image. Normally, the read gradient is set high to 
minimize field inhomogeneity effects. However, if the ratio of 


Fig. 4.—Read gradient and size of field of view 
together determine sampling rate and thus fre- 
quency content per pixel. Image contrast and res- 
olution are affected by setting of read gradient, 
especially low read-gradient levels. 

A, Simulated image of rectangular box with R = 
T,/2T2 = 0.03. 

B, As in A, but with R = 1.28. Note edge en- 
hancement and increase in systematic noise in 
central region. There is also loss of resolution at 
edges due to increased dispersive nature of sig- 
nal. 


Fig. 5.—Aliasing—image appears wrapped 
around into itself. Picture elements that correctly 
belong at top of field are projected along bottom, 
and vice versa. Vertical phase-encoding was used 
for this scan; when horizontal phase-encoding is 
used, artifact occurs along left and right margins 
instead. Artifact occurs because field of view se- 
lected is too small for particular body region being 
imaged. Note that although artifact is usually pres- 
ent peripherally, central regions of image are un- 
affected and quite usable. 


Fig. 6.—Surface-coil hot spot. Response of the 
particular coil employed here varies as function of 
position, so tissues close to coil are imaged much 
more intensely than those farther away. In this 
case, subcutaneous fat near coil is much more 
intense than farther away from coil. Note also lack 
of resolution in anterior neck structures. The prob- 
lem is due to nonuniform reception of signal 
throughout scan slice. 
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total sampling time (To) to the T2 value is on the order of unity, 
image contrast and resolution will change. Such may be the 
case with body scanning where this effect may be pro- 
nounced, especially with low read gradients (Fig. 4). This edge 
enhancement due to finite Tə values should not be confused 
with the Gibbs phenomenon caused by data truncation (see 
discussion of patient-related noise artifacts). 

A practical problem also associated with the gradients is 
the correct setting of the FOV. If the FOV selected is too 
small, the image will wrap back into itself (aliasing). Neverthe- 
less, if the overlap does not obscure the region of interest, 
the image is still usable (Fig. 5). A FOV that produces aliasing 
may be a deliberate choice to obtain a higher-resolution image 
in a central region of interest. This aliasing may be avoided 
even with the incorrect setting in the frequency-encoded 
direction if the analog filter bandwidth is reduced accordingly. 
This is not possible in the phase-encoded direction because 
of the discrete steps used. 


Patient-Related 


Since the patient has electric and magnetic properties (such 
as conductivity, permitivity, and permeability) different from 
free space, it is not possible to have uniform distribution of 
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an RF pulse throughout the scan slice [7]. This leads to an 
RF penetration problem where a tissue of uniform composi- 
tion exhibits a change in intensity depending on its location in 
the image plane. Similar, but less complicated, effects occur 
when using surface coils [8] where their response varies as 
a function of position, thus producing intense regions close 
to the coil with significant falloff in tissue farther away from 
the coil (Fig. 6). 

The signal from flowing blood can be significantly affected 
by the sequence parameters [9]. For example, flowing blood 
can appear hyper- or hypointense depending on the rate and 
direction of flow, whether the sequence used was single- or 
multislice, and whether broad-band or selective pulses were 
used. A knowledge of vascular anatomy is essential for the 
differentiation of low-intensity areas on T1-weighted images, 
so as to permit distinction of vascular structures from neo- 
plasm or other abnormality. Flowing blood can also produce 
an artificially enhanced signal [10, 11], so that before patho- 
logic conditions can be diagnosed, the possibility of artifac- 
tually enhanced areas caused by flowing blood should be 
excluded. 


Reconstruction Algorithm Artifacts 
System-Related 


The mainstay of current sequence design and reconstruc- 
tion algorithms is 2DFT imaging. The types of artifact asso- 
ciated with this method are different from those associated 
with other techniques (such as projection reconstruction, 
echo planar [12], and Hybrid [13, 14]). In this article, only 
2DFT-related techniques will be considered. 
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The peak signal changes drastically as a function of se- 
quence and object being imaged, so that the signal is atten- 
uated to make the peak signal compatible with the computa- 
tional range of the computer. If the signal does not lie within 
the required limits, data clipping occurs (the large numbers 
become smaller numbers lying in the available integer range) 
and information is destroyed and is not recoverable. In this 
case, the image is often rendered useless (Fig. 7), even though 
only a small central portion of the data is corrupted (see also 
Fig. 9). 

Another example is hardware failure during the experiment, 
with only one data channel surviving. The image will appear 
as if it has been reflected about both the phase-encoded axis 
and the frequency-encoded axis [1] (Fig. 8). However, in those 
regions where no overlap occurs, the information is still ac- 
curate and diagnostically useful. 


Patient-Related 


The data-clipping artifact can also occur if there is patient 
movement during the period the signal attenuator is being 
set. For example, with respiratory motion, a bowel loop may 
move in and out of the plane of interest. Since bowel tissue 
has characteristics different from other tissues, including 
those in the plane of interest, setting the attenuator when a 
bowel loop is in the plane will produce an incorrect attenuator 
setting with respect to the desired plane. This may lead to 
data clipping for that plane if the attenuator setting is not 
determined for a sufficient length of time. 

Flow and motion within the subject also lead to image 
degradation and changes in contrast. This is manifest by a 





Fig. 7.—Data clipping. If peak signal does not 
lie within computational range of computer and 
software used in image reconstruction, severe 
arithmetic errors occur, and incorrect pixel val- 
ues are assigned. Image has significant low spa- 
tial frequency distortion giving it a “ghostlike,” 
unreal quality with loss of contrast and resolu- 
tion. 


Fig. 8.—Failure of one data channel, an exam- 
ple of hardware failure. Image resembles that 
caused by aliasing (Fig. 5), but is reflected about 
both phase-encoded and frequency-encoded 
axes. There are small regions where no overlap 
occurs and image is still usable (TR 600, TE 40). 


Fig. 9.—Motion during central view acquisi- 
tion. Normal volunteer was instructed to turn the 
head to the side once only during a few central 
scan views (near view 128) and then resume 
original scan position. The scan had 256 phase- 
encoding steps (views). The image is totally de- 
graded, shows altered contrast, and a “ghost- 
like” quality similar to data clipping (compare 
with Fig. 7). Movement early (near view 5) or late 
(near view 250) does not degrade image. 
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loss in resolution for motion and by phase-encoded noise 
through the affected region for both motion and flow. The 
simple 2DFT algorithm is not equipped to handle the phase 
errors associated with motion; however, an appropriate re- 
construction technique may be able to do so [15]. The induced 
phase-encoded noise aspect of this problem and methods of 
alleviating the problem are addressed under Noise Artifacts. 
The use of phase-ordering techniques [14, 16] during data 
acquisition eliminates the noise in the phase-encoded direc- 
tion, leaving only the resolution loss due to gross body-part 
motion itself. Scaling techniques [15, 17] operating on the 
raw data may then be used to further improve the resolution. 
An image with loss of resolution only may also occur if the 
patient moves during the critical period when the central views 
(region of zero or low phase-encoding) are being acquired. 
Either a single deep inspiration or turning of the head is 
sufficient to produce severe image degradation (Fig. 9). 


Field Artifacts 
System-Related 


The relationship between the read-gradient level and the 
FOV, which together determine the sampling rate and hence 
the frequency content per pixel in the image, was discussed 
under Sequence Artifacts. Particularly in the case of body 
scanning, and in situations where low read gradients are 
used, field inhomogeneity effects may result in altered image 
contrast and resolution. 

Geometric distortion only occurs along the frequency-en- 
coded axis and arises because macroscopic imperfections of 
the magnetic field lead to nonparallel flux lines that, when 
mapped onto an orthogonal (square) grid, cause deformation 
of the image. These imperfections may be caused by large 
static field inhomogeneities or by field changes resulting from 
the presence of a magnetic substance in an otherwise con- 
stant field. The induced field deviations produce artifactual 
expansion or contraction of the image, accompanied by 
changes in image intensity and resolution. For demonstration 
purposes (Fig. 10), let the substance induce a field change 
(G’) linear to the center of the modified region and of opposite 
slope and equal magnitude beyond the center, as shown in 
Figure 10B. Taking the magnitude to be the same as that of 
the read gradient (G), one can easily see that in the region of 
the increased field gradient (Fig. 10D), the object appears 
stretched, decreasing the image intensity while simultane- 
ously increasing resolution (Fig. 10E). Conversely, where the 
field is now constant, the object gets mapped to a point. 
Since this information has been collapsed to a point, the 
image intensity is increased and all resolution is lost. While 
ferromagnetic objects cause the field deformations discussed 
above, diamagnetic objects cause much smaller changes and 
the stretching and compressing are reversed with respect to 
the frequency direction. 

The ratio G’/G determines the degree of stretching and 
compression. This can be expressed equivalently by the ratio 
+ AH/ Af, where AH is the field inhomogeneity across a pixel 
and Af (= yGAx) is the frequency per pixel. Since the size of 
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Fig. 10.—Geometric (field) dis- 
tortion in frequency-encoded direc- 
tion: effect of field inhomogeneity. 
Artifactual expansion or contrac- 
tion, as well as intensity change A Hix} 

- 28 





and altered contrast and resolution, B 
result from macroscopic imperfec- 
tions in magnetic field, especially 
due to magnetic substances. 
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the read gradient controls the amount of distortion, allowabie 
changes in TE or TR will not affect the distortion. Unfortu- 
nately, although an increase in the read gradient will reduce 
the distortion, it will also decrease the signal to naise (S:N) 
ratio. This can be understood since, as the bandwidth in- 
creases by a factor of A, the incoherent (white) noise increases 
by a factor of VA. in some cases, suffering the slight distor- 
tions may well be worth the extra S:N margin. 

The effect of the field distortions may be central or periph- 
eral, symmetric or asymmetric, and the distortion produced 
may be pincushion- or barrel-type. While the clinical impact of 
the artifact is that linearity of the image is lost, resolution may 
actually be degraded or enhanced. As an example, vertebral 
bodies may appear smaller or larger at the periphery of the 
field than at the center (Fig. 11). 


Patient-Related 


As discussed above, ferromagnetic objects produce arti- 
facts because their higher magnetic susceptibility relative to 
tissue produces localized field changes. This results in image 
distortion and associated contrast changes [18-20]. The 
direction of the misregistration is determined by the direction 
of the read gradient used for the particular MR experiment. 
As described earlier, the characteristic appearance on the 
image is a low-intensity region or void adjacent to or sur- 
rounded by regions of high signal intensity (Fig. 12). Very 
often bizarre, nonanatomic, elongated distortions are seen 
(Fig. 13). Depending on the quantity, shape, and susceptibility 
of the metal present, there may be so much distortion as to 
make the image anatomically unrecognizabie. 

While metals are classified as ferromagnetic and diamag- 
netic, the mechanism of image distortion is the sarne in both 
cases, differing only in magnitude and direction. A ferromag- 
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Fig. 11.—Field distortion—loss of linearity. Ver- 
tebral bodies appear disproportionately smaller at 
top and bottom of image than at center. Image is 
not linear. This may occur along one of or both x 
and y axes. Note that resolution may in fact be 
enhanced or degraded. (Aliasing artifact partially 
obscures upper portion of field.) 


netic surgical clip will produce a larger void area than an 
equivalently sized nonferromagnetic clip. Substances not 
thought to contain ferromagnetic materials, such as dental 
crowns, in fact frequently are not made of precious metals 
and may contain significant quantities of nickel, cobalt, or 
chromium, in which case they do produce severe artifacts. 
Dental amalgam contains silver, tin, and mercury (occasionally 
tin substitutes for the silver) and does not produce artifacts. 
Ferromagnetic material is present in wire surgical sutures, 
protheses of all kinds, zippers, safety pins, support wiring in 
wigs, corset stays, non—precious-metal jewelry, and mascara 
(Steiger DA, unpublished data). 

Although the chemical-shift dispersion of hydrogen in tis- 
Sues is invaluable for spectroscopic investigations, chemical 
shift becomes a problem in evaluating images [21-23], es- 
pecially those produced at very high fields where the ratio 
Rcs of chemical shift (CS) in frequency (Afcs) to bandwidth 
per pixel (Af) is large. This ratio could, in turn, be reduced by 
increasing the read gradient but at the expense of S:N ratio. 
The effect is due to the fact that protons in water resonate at 
a different frequency than those in lipids. The chemical shift 
separation of fat and water protons is about 3.35 ppm [24], 
which corresponds to Afcs = 71.4 Hz at 0.5 T. 

For values of Res less than unity, regions containing both 
water and fat will be unaffected for an ideal spin-echo se- 
quence. If the timing of the 180° pulse is incorrect, the fat will 
gain a relative phase with respect to the water, and the 
intensity of the signal will change even though no shift in 
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Fig. 12.—Typical ferromagnetic artifact. Low-intensity central region in A is partly surrounded by 
a high-intensity border along same direction as read gradient. This requires distinction from true 
pathologic abnormality, such as scalp fibroma in B, which exhibits low-intensity central region, but 
lacks peripheral zone of intensity. 


position occurs [25]. With or without these relative changes 
in phase, the two-component nature of the signal causes T1 
and T2 to be inaccurately determined because of the now 
multiexponential nature of the signal. With new techniques 
that account for field inhomogeneities in the separation of 
water and fat [26], the separated components of T1 and T2 
can be accurately found. 

When Res is greater than unity, the fat is shifted by one or 
more pixels from its actual position with respect to the water. 
This may be a problem when a predominantly fat-containing 
area is shifted far enough to overlap a region of interest. This 
effect is significant in the orbit, where it may degrade what 
would otherwise be a high-resolution scan. It is also significant 
in the spine, where the superior and inferior margins of the 
vertebral bodies may show reduced or increased intensity, 
and in the kidneys (Fig. 14). Clinically, the shift is unimportant 
for brain imaging since the lipid (myelin) signal intensity from 
brain is negligible relative to that from water. 

Similar intensity changes and distortions can occur from in 
vivo local field inhomogeneities because of tissue magnetic 
properties. These inhomogeneities are caused by changes in 
susceptibility between tissues (or air) in the body (for example, 
near the paranasal sinuses). These, as well as other field 
distortions, also cause local phase changes. For techniques 
that need phase information, such as water/fat separation, 
these phase changes can wreak havoc with the images. 
Techniques that account for such effects are then required 
[27]. 
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Fig. 13.—Bizarre ferromagnetic effects may oc- 
cur, usually related to quantity, shape, and sus- 
ceptibility of metal present. Note area of intensity 
extending well beyond anatomic boundaries of 
subject, in frequency-encoded direction. 

A and B, Artifact caused by metal fasteners of 
a seven-hook bra. Note distortion is to left in A and 
to right in B. This is due to alternate-slice orienta- 
tion of frequency-encoding gradient (see Fig. 10). 

C and D, Artifact due to shunt-tube reservoir. 
Note localized tearing and stretching of image (TR 
2000, TE 40). 


MR ARTIFACTS 1277 








Fig. 14.—Chemical-shift artifact. A and B, Kidneys show area of intensity water, and occurs in frequency-encoded direction. In A, frequency-en- 
(long arrows) along inferior margin in A and superior edge in B. Also, in B, coded direction is vertically upward, while in B, it is vertically downward. 
inferior margin has changed from intense to dark line (short arrows). Changing direction of gradient is a useful method of confirming that 


Intensity change is caused by differential shift of protons in fat vs those in changes observed are artifactual in nature. (TR 700, TE 40.) 
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Noise Artifacts 
System-Related 


Noise may be considered as any information in the signal 
that does not contribute to characterization of the biologic 
sample being imaged. Sources of white noise include random 
thermal variation in the sample and electronic noise from 
scanner hardware. Extraneous broadcast RF energy acts as 
another source of noise that affects a specific frequency. 
While scanner design optimization involves tradeoffs that 
maximize the S:N ratio, even under ideal circumstances the 
Signal is generally only one or two orders of magnitude greater 
than the noise level. 

Thermal (incoherent) noise produces diffuse increase in 
image mottle. The effects of thermal noise are diminished in 
surface-coil applications, where signal detection falls off rap- 
idly as a function of depth, and the coil effectively does not 
see the thermal noise from more distant tissues [28]. 

Radiofrequency interference is due to detection of extra- 
neous broadcast energy by the receiver coils of the scanner. 
Since the operating frequency of the scanner is directly related 
to magnet field strength, the frequency is essentially fixed 
around a narrow range (for example, 21.3 MHz for 0.5 T, or 
64.0 MHz for 1.5 T), and any extraneous broadcast energy 
near this frequency may be detected. These sources include 
fluorescent lights (starter and ballast) and electric motors 
(especially direct current). Television and radio transmissions 
are also a problem, since 21.3 MHz is within the frequency 
assigned to amateur radio operators (21.0-21.5 MHz); 64.0 
MHz falls within the frequency assigned to channel 3 (60-66 
MHz); and 85.0 MHz lies within the FM radio band. Base-to- 
base and mobile communications are in the range 5-50 MHz. 
Similarly, 60 Hz noise in the electric power supply can also 
affect the image. The artifact produced is usually a linear 
band across the image (Fig. 15), apparent where the noise 
overwhelms the tissue signal. It is perpendicualr to the fre- 
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Fig. 15.—Radiofrequency artifact. Extraneous 
4919 


RF energy sources near scanner operational fre- 
quency produce linear band across image, per- 
pendicular to frequency-encoded direction. Its 
exact position is determined by difference be- 
tween center frequency of scanner and extra- 
neous signal. (TR 600, TE 40.) 
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Fig. 16.—Swallowing artifact has produced i 
horizontal band of noise along phase-encoded 
direction. Where it passes over vertebral body 
and spinal cord, there are local intensity and 
contrast changes, rendering these portions of 
scan suspect. If desired, artifact may be over- 
come by changing phase-encoded gradient to 
vertical direction, so that noise is propagated off 
regions of interest. 
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quency-encoded direction, and its position is related to the 
difference in frequency between the center frequency of the 
scanner and the extraneous signal. This determines the dis- 
tance to which the artifact is displaced from the center fre- 
quency (and thus from the center of the image). 


Patient-Related 


Systematic sources of noise are induced by nonideal cir- 
cumstances in the scan. These include errors in establishing 
the correct phase relationship at each position due to nonlin- 
ear gradients, field inhomogeneities, motion, or flow. In partic- 
ular, patient motion of any type degrades image quality be- 
cause it produces data-phase errors. Phase information is 
used by the reconstruction algorithm in the process of voxel 
to pixel mapping. Motion-induced phase errors result in blur- 
ring, “ghosting,” or mottled bands propagated in the phase- 
encoded direction. Even when the patient is externally quies- 
cent, biologic activity associated with cardiac, respiratory, 
blood flow, and peristaltic motion continues. While the artifact 
produced by these activities may appear in the region of 
interest, it should not be considered as random white noise. 
It is in fact misregistered tissue information that cannot be 
properly positioned by current reconstruction algorithms. Fu- 
ture sequence and software developments [14, 15] will most 
likely correct phase errors so that physiologic motion will have 
a less detrimental effect on image quality. 

For obvious reasons, motion produces a loss of resolution 
when it is significant with respect to the TR, as occurs, for 
example, when the patient turns, fidgets, or repositions a 
limb. This type of motion unsharpness is also seen with 
physiologic activities—the pancreas moves 2.0 cm on aver- 
age in the craniocaudad direction during tidal respiration [29]. 
The magnitude of this excursion dwarfs the dimensions of 
the voxels commonly used in imaging and thus completely 
destroys the image. However, motion also induces phase 
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changes to which 2DFT is extremely sensitive (see later 
discussion). These phase changes lead to noise throughout 
the affected region along the phase-encoded direction. 

Artifacts due to body-part motion, such as flow, blinking, 
swallowing, or chewing, are a form of coherent noise. Al- 
though often not important locally, they may affect a critical 
region of the image by producing a band of noise propagated 
across the field in the phase-encoded direction. This will cause 
areas of increased or diminished intensity in the region of 
interest, creating doubt as to the presence of abnormality and 
hence rendering the scan useless for diagnosis (Fig. 16). Flow 
artifacts from the internal carotid artery, carotid siphon, or 
jugular bulb are frequently encountered in scans of the head. 
They are much more evident in surface-coil applications be- 
cause of the improved S:N ratio [7]. Depending on the image 
plane, the artifact may be redirected to noncritical areas of 
the image through proper selection of the phase-encoded 
direction. Phase-encoded flow artifacts may be seen in arter- 
ies, veins [10, 11], or any other fluid system, including the 
CSF [30, 31]. 

Chewing and talking produce mandibular, lingual, and la- 
ryngeal musculature motion that result in obvious image 
degradation, both locally and over the neck and cervical spine. 
Another problem occurs in imaging patients with oropharyn- 
geal or laryngeal tumors, as well as lesions of the tongue and 
oropharynx, where secretions and saliva require frequent 
clearing and swallowing. This is also important with certain 
neurologic disorders involving the brainstem and lower cranial 
nerves. 

Peristalsis may be a major source of artifact when the 
upper abdomen and pelvis are imaged (Fig. 17), especially 
with the longer scan sequences. Significant reduction is pos- 
sible through use of glucagon to eliminate gastrointestinal 
tract peristalsis. Since the sensitive region of surface coils is 
limited, they can be positioned so as to receive signal from 
nonmoving tissue only [28, 32, 33], thus minimizing the noise. 


Fig. 17.—Peristalsis and respiratory artifacts. 
Wide band of artifact extends horizontally across 
anterior half of abdomen in phase-encoded di- 
rection. Blurring is caused by peristalsis, while 
curvilinear replication of subcutaneous fat (ar- 
rows) is caused by respiration. 


Fig. 18.—Ringing artifact due to data trunca- 
tion. Note periodic nature of ringing. This should 
not be confused with motion artifact. 
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Respiratory motion produces a form of coherent noise 
distributed across the image as a periodic artifact [14, 34]. In 
the head, the major contribution is from eye movement, while 
in the body the major contribution is from high-intensity areas 
in the subcutaneous and retroperitoneal fat. Throughout the 
body the pulsatile component of blood flow may also produce 
artifacts. These artifacts are produced in the phase-encoded 
direction, regardless of the direction of the motion causing 
them. The ghost images are partial copies of the original static 
structure, with interference effects producing areas of rein- 
forcement or cancellation. In the case of respiratory artifacts, 
the ghost images become more widely separated with in- 
creasing respiratory rate or prolonged TR; increased respira- 
tory amplitude produces only increased blurring of both the 
original and ghost images, but no positional change [8, 14, 
28, 34, 35]. Multiple acquisitions can remove the worst of 
these artifacts if the product of the number of averages and 
TR is approximately equal to the respiratory period [14, 36]. 

The Gibbs phenomenon causes a ringing in the image (Fig. 
18) due to data truncation [37]. This can resemble the periodic 
ghosting in the vicinity of edges as in the case of motion 
artifact. 

Cardiac and respiratory motion produce sufficient pixel 
misregistration and phase shift to totally degrade the image, 
unless some form of gating or specialized data-collection 
method is used. Gating is a technique that essentially removes 
both motion problems (loss of resolution and phase-encoded 
noise). Although respiratory gating may extend scan times by 
factors of 2 to 4, significant image improvement results (Fig. 
19). Methods using phase reordering to destroy the periodicity 
of the respiratory motion, such as centrally ordered phase 
encoding (COPE) and respiratory ordered phase encoding 
(ROPE) [14, 16, 17], remove only the phase-encoded smear- 
ing, without increasing the scan time. Figure 20 demonstrates 
the improvement achieved with COPE for dealing with respi- 
ratory motion. Without phase-encoded reordering, the noise 
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Fig. 19.—Respiratory gating. Transverse section through abdomen at level of head of pancreas and kidneys. Multislice scan (six slices), TR 500, TE 
40. 

A, Without gating, 4-min scan. 

B, With gating, 10-min scan. 





A 


Fig. 20.—Respiratory artifact—improvement with COPE. 

A, With respiratory gating, 10-min scan, TR 500, TE 40. 

B, Monitoring motion and collecting data with appropriate values of phase-encoded gradient according to COPE technique. Some small background 
noise artifact remains because actual movement itself has not been accounted for. Scan time was only 4 min. 
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Boundary Artifact Due to 
Truncation Errors in MR 
Imaging 





A boundary artifact in MR images due to truncation of the infinite Fourier series 
necessary to encode tissue discontinuities was investigated by using doped water 
phantoms and normal volunteers. All images were obtained on 0.3-T permanent and 
0.6-T superconducting MR imagers with varying phase and frequency sampling rates. 
The artifact appeared in both the phase and frequency encoding direction as parallel 
lines or ringing adjacent to borders or tissue discontinuities. This was unlike motion 
artifacts, which occur predominately in the phase direction, and chemical shift misregis- 
tration errors, which are most pronounced in the frequency direction. Increasing the 
sampling frequency from 128 to 512 resulted in higher frequency ringing and more rapid 
drop-off in amplitude. Low-pass digital filtering also decreased the ringing at the 
expense of fine detail. The truncation of the infinite Fourier series necessary to encode 
edges to the 128-512 terms used for most MR imaging produces the artifact. It. is 
important to recognize this common artifact and not mistake it for patient motion or 
disease. 


The two-dimensional Fourier transformation (2DFT) technique used for image 
reconstruction on most MR imagers is associated with several artifacts that must 
be recognized and differentiated from normal anatomy and disease [1-3]. Motion 
is a familiar problem that produces blurring and ghost images, or image harmonics, 
along the phase-encoding direction [4, 5]. Chemical shift is another source of 
artifacts in MR imaging that causes misregistration of fat/water interfaces along 
the frequency direction [6-9]. A third type of artifact similar in appearance to motion 
occurs at boundaries or tissue discontinuities but is unrelated to movement and is 
found in both the phase and frequency directions. In this study, we investigate the 
effect of this third phenomenon on MR images. 


Methods 


All images were obtained on a 0.3-T permanent magnet (Fonar B-3000, Melville, NY) or 
0.6-T superconducting magnet (Technicare Teslacon, Solon, OH) whole-body MR imager. 
Spin-echo pulse sequences were used for all studies. The MR images acquired and recon- 
structed with the 2DFT technique, currently used by most manufacturers, produced planar 
images in which one dimension, or direction, was encoded with phase and the other with 
frequency of the MR signal. The phase direction was encoded by applying variable-magnetic- 
field gradient pulses for a fixed duration. The number of phase-encoding gradient levels 
determined the sampling frequency for the phase direction of the image. The sampling 
frequency of the frequency direction was determined by how finely the analog signal was 
digitized into its amplitude values when the frequency read-out magnetic field gradient was 
turned on. A 2DFT was then applied to this phase and frequency data to produce the image. 

A uniform phantom consisting of a 9-cm lucite cube filled with 5 mM NiCl (T1 = 463 msec 
at 0.3 T) was imaged with various spin-echo pulse sequences. Symmetric data sampling 
frequencies in both the phase and frequency directions were varied from 128 to 512 levels. 
Images were reconstructed both with and without low-pass digital filters to remove high 
spatial frequency information. The filters were standard gaussian circular digital filters with a 
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variable-taper function applied before the Fourier transformation 
[10]. For all studies, intensity values were plotted across the 
phantoms. 

Normal volunteers were studied with these specialized data-collec- 
tion pulse sequences as well as with standard pulse sequences. The 
Standard sequences had asymmetric data sampling frequencies of 
128-384 in the phase direction and 256-512 in the frequency direc- 
tion. The standard asymmetric sequences were designed to minimize 
the data-sampling frequencies in the time-consuming phase-direction 
acquisition. 


Results 


In the phantom study obtained with 128 x 128 data sam- 
pling, alternating parallel bands of high and low signal were 
present along abrupt transitions from the high-signal NiCI 
solution to the low-signal lucite (Fig. 1). As the data-sampling 
frequencies were increased from 128 to 256 to 512, the 
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Fig. 1.—-2.5-mM NiCI phantom imaged with symmetric data acquisition 
(phase = frequency sampling frequencies) shows effect on truncation 
artifact. Signal intensity across line is plotted on graph. 
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spatial frequency of the ringing increased. The amplitude 
decay rate of the ringing also increased, until at the 512 level, 
the ringing was almost lost in background image noise. For 
data-sampling frequencies of 128, 256, and 512, the spatial 
frequency of the ringing was 2, 4, and 8 per cm, respectively. 
The ringing could be removed by the addition of a low-pass 
filter (Fig. 2). The loss of high spatial frequencies because of 
the filter resulted in a smoothed image with no visible ringing. 

In normal volunteers, the symmetric 256 x 256 data-sam- 
pling acquisition resulted in symmetric ringing at tissue dis- 
continuities such as the inner table of the skull or sclera (Fig. 
3A). Low-pass filtering with the same acquisition technique 
removed the artifact at the expense of high spatial frequency 
information (Fig. 3B). 

With standard pulse sequences and asymmetric data-sam- 
pling frequencies, the artifact occurred with a different fre- 
quency in each direction, depending on the sampling fre- 





A, 128 x 128 levels. Pronounced ringing present. 
B, 256 x 256 levels. Artifact diminished 
C, 512 x 512. Ringing now almost lost in background noise. 


Fig. 2.—The effect of low-pass filters is 
shown on the phantom scanned with 256 x 256 
level acquisition. 

2 A, Ringing present at boundary from trunca- 
oo tion errors. 

B, Low-pass filter removes ringing artifact but 

also diminishes image sharpness. 
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Fig. 3.—Normal volunteer scanned with and 
without filters. Symmetric data acquisition (256 
x 256) used. 

A, Without filters, pronounced truncation arti- 
facts present along inner table of skull because 
of abrupt tissue transition. 

B, Addition of filters results in elimination of 
the ringing artifact at expense of overall image 
sharpness. 


Fig. 4.—Standard asymmetric data acquisi- 
tion of normal volunteer. 256 levels are acquired 
along phase direction and frequency is sampled 
at 512. Truncation ringing more prominent along 
interfaces in phase direction (256—) than in fre- 
quency direction (512—). 


Fig. 5—Body coil image of normal volunteer 
(SE/2000/84) with marked ringing (arrow) at fat/ 
muscle interfaces in soft tissues of pelvis. 


quency, and was most pronounced in the phase direction 
because of generally lower sampling frequencies in this di- 
mension (Fig. 4). The artifact appeared in images independent 
of pulse-sequence parameters (TR, TE) or coils used (body, 
head, surface coils) (Figs. 5 and 6). The ringing artifact was 
also decreased by increasing the data-sampling frequency in 
the phase direction (Fig. 7). 


Discussion 


2DFT techniques transform the MR signal to spatial-inten- 
sity image data with frequency and phase information encod- 
ing each direction or axis in the plane of the scan. Complex 
shapes are specified by a series of sine and cosine waves of 
various frequencies, phase, and amplitude. Some shapes are 
more difficult to encode than others. The most difficult shapes 
to represent with a Fourier series of terms are wave forms 
with instantaneous transitions, tissue discontinuities, or edges 
[2, 3]. This situation occurs often in the human body, for 
example, at the junction of the low-signal inner table of the 
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skull with the adjacent brain, or at the high-signal subcuta- 
neous fat adjacent to low-signal air. For the most accurate 
representation of an instantaneous transition with a series of 
terms for Fourier analysis, an infinite number of frequency- 
phase terms are necessary. Because an infinite number is not 
possible in real life, the ideal infinite Fourier series must be 
truncated to a more manageable number of components for 
patient studies. (The truncation of an infinite series is a familiar 
concept. We routinely approximate 13 as 0.33333, although, 
Strictly speaking, the decimal approximation is an infinite 
series of 3s.) The truncation of the Fourier series in MR 
imaging results in errors or approximations in reconstructing 
the appearance of the original object. The Fourier transfor- 
mation of the real truncated data equals the Fourier transfor- 
mation of the real infinite data convolved with a sinc function 
([sin x]/x). As fewer data terms are used, these errors become 
more pronounced because of the decreased frequency of 
ringing and diminished decay rate of ringing amplitude. In 
images or the spatial-frequency domain, the oscillations, or 
ringing, appear as parallel bands of high and low signal 
adjacent to tissue discontinuities, or edges. 
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Fig. 6.—Surface-coil image of larynx (SE/ 
500/28) with truncation artifacts (arrow) along 
phase direction (256 levels) at fat/muscle and 
thyroid-cartilage/vocal-cord interfaces. 


TABLE 1: Characteristics of Edge Artifacts 


Fig. 7.—Axial images of liver (SE/260/15) in normal volunteer. Short TR and TE diminish motion 
artifact but truncation errors persist (arrows). 

A, Acquisition with 128-phase levels results in prominent ringing along phase direction. 

B, Increasing phase acquisition to 192 levels decreases effect of artifact. 











Type of Artifact 
Characteristic - 
Truncation Motion Chemical Shift 
Axes involved Phase & frequency Phase only Frequency only 
Periodicity Constant for axis Variable Single offset 
Amplitude Uniform decay Variable Single offset 
Dependent on Sampling rates TR, TE, veloc- Fat/water inter- 
ity, Signal aver- faces, Larmor fre- 
aging, perio- quency 
dicity 
Mechanism Fourier series trun- Interference Spatial encoding, 
cation phenomenon error due to fre- 


quency variations 
in chemical species 





Even if it were possible to include an infinite number of 
terms in the Fourier series to eliminate the ringing due to 
truncation, one small artifact at tissue discontinuities would 
still persist. Known as Gibb’s phenomenon, this artifact is a 
small signal overshoot at the boundary that equals 8.95% of 
the discontinuity amplitude [2, 3]. 

Another artifact of 2DFT imaging similar in appearance to 
truncation errors is the artifact due to motion [4, 5]. Position 
change during the various phase-encoding levels of image 
acquisition results in inconsistent image reconstruction along 
the phase direction, regardless of whether the motion is in 
the phase or frequency direction. Errors in phase location 
result in “ghost images,” or image harmonics produced at 
periodic intervals along the phase direction. Image harmonics 
are also most pronounced at edges or tissue discontinuities. 
Unlike truncation artifacts, they depend on TR and TE and 
are most pronounced in the phase direction. Truncation arti- 
facts also show strictly periodic decay of ringing, while motion 


artifacts show irregular periodicity depending on the periodic- 
ity of the motion and irregular amplitude and spacing depend- 
ing on the number of signals averaged (Table I). Finally, motion 
artifacts are not necessarily close to the original edge, as 
truncation errors are. 

A third edge artifact is due to chemical shift [6-9]. The 
slightly different Larmor frequency of differing chemical spe- 
cies, such as fat and water in proton imaging, produces spatial 
errors in image reconstruction. The artifact appears as dark 
and light bands along the fat/water interfaces offset along the 
frequency direction. The fat/water shift (50 Hz at 0.3 T) is 
enhanced at higher magnetic-field strengths and shallower 
magnetic-field gradients used for imaging. Unlike truncation 
artifacts, chemical shift produces a single offset rather than 
periodic ringing (Table 1). 

In addition to degrading the image, truncation artifacts can 
obscure normal anatomy and be mistaken for disease. Several 
strategies can decrease the effect of truncation artifacts on 
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an image. If more phase and frequency terms are added 
during data collection, the ringing will have a higher frequency, 
decay more rapidly, and be generally less noticeable (Figs. 1 
and 7). Unfortunately, because the sampling frequency in the 
phase direction, or the number of phase levels acquired, 
determines the overall scan time, increasing it may result in 
unrealistic patient examination times. Most manufacturers 
already implement asymmetric data-sampling rates with 128- 
256 phase levels and 256-1024 levels obtained in the non- 
time-dependent frequency direction. Thus, the artifact is usu- 
ally most noticeable because of the lower data sampling rates 
in the phase direction. 

When the structures being imaged have many edges that 
occur in one direction, the effects of truncation can be de- 
creased if the patient is positioned so that the edges lie along 
the frequency direction, which usually has the higher sampling 
frequency. Adding a low-pass filter to the data may remove 
high spatial frequency information from the signal data, which 
will eliminate most of the ringing due to truncation effects but 
will also remove a great deal of the image sharpness (Figs. 2 
and 3). The ringing can also be reduced by modification of 
the phases of the compiex data samples [11], by applying a 
quartic phase shift in succession to each column of image 
data. Although more data processing is required to perform 
this modification, the technique results in less blurring than in 
simple low-pass filtering. 

In this paper, we describe a ringing edge artifact in MR 
imaging due to truncation of the infinite Fourier series neces- 
sary to encode tissue discontinuities or edges. Unlike edge 
artifacts due to motion or chemical shift, truncation artifacts 
occur in both the phase and frequency direction and depend 
on data-sampling frequency. It is important to recognize this 
common artifact of 2DFT MR techniques and to not mistake 
it for disease. 
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Memorial 





Raymond M. Abrams, 1917-1986 





Raymond M. Abrams died on June 3, 
1986, at the age of 69, and we who worked 
with him are deprived of his warmth and 
wisdom, his zeal, and his probing mind. For 
more than a decade, Ray wrestled with and 
overcame ill health until his magnificent heart 
finally gave out. 

Wrestling was not new to Ray; he was an 
intercollegiate champion at Michigan and 


came away from Ann Arbor with a varsity 
letter and a baccalaureate. Chemistry next 
claimed his attention and led to an MS. 
degree from the University of Richmond. 
Medicine called him to St. Louis University 
where he obtained his M.D. in 1943. When 
military obligations were over, Ray found him- 
self in another wrestling match, this time 
between Internal Medicine and Radiology. 
Fortunately, Radiology won. After residency 
at the New York Post Graduate Medical 
School, he spent the next 27 years at the 
NYU medical center attaining full professorial 
Status in 1968. This rank was earned and 
deserved, not only for his publications, in- 
cluding pioneering work in angiography, but 
more so for the stimulation he provided to 
students, residents, and junior staff. From 
NYU, Ray came to St. Mary's Hospital in 
Waterbury, CT. Under his skillful guidance, 
an outstanding department evolved. On re- 
tirement in 1981, Ray gave his time to Yale, 
unencumbered by administrative restraints. 
His curiosity was insatiable, driving him to 
improve on what we had, to create what did 
not exist. The end interrupted joyful explo- 
ration of refinements in lithotripsy and imag- 
ing with monoclonal antibodies. 

While Ray’s own heart failed him, he failed 
no one. Many of us who were fortunate 


enough to know him became infused with his 
enthusiasm and zest. At his memorial serv- 
ices, his son, Paul, noted that his father gave 
“the last full measure of devotion” to those 
whose paths crossed his and who needed 
his help. He constantly offered his assistance 
to friends, colleagues, and patients, both 
those who were close to him and those he 
had recently met. He took on their problems 
as his own. His selfless approach to life in- 
cluded not just counsel and encouragement 
to others, but active time-consuming efforts 
on their behalf. Although he was at Yale a 
short time, his impact on the department was 
enormous for he taught us how to live and 
behave as well as how to interpret films. A 
lecture will be given in his honor this year at 
the Yale Radiology Grand Rounds. 

His friends will miss hours of conversation 
and fiercely fought tennis matches whether 
won or lost. 

He leaves behind his wife, Lennie, sons, 
Paul, Alan, and Richard, and his adored 
grandson, Jake. They are, of course, his 
greatest contributions but more, he has 
touched us all. 


Solomon S. Schwartz 
Arthur T. Rosenfield 
New Haven, CT 06511 


1289 


Technical Note 





- A New Device for Exercise MR Imaging 


Saul Schaefer,’ Ronald M. Peshock,' Robert W. Parkey,? and James T. Willerson' 


Although dynamic exercise is an effective method for in- 
ducing myocardial ischemia in patients with coronary artery 
disease [1], the limited sensitivity and specificity of the stand- 
ard exercise test have stimulated efforts to use imaging 
techniques to improve its diagnostic accuracy [2, 3]. MR 
provides excellent anatomic detail of the heart that can detect 
regional wall-motion abnormalities [4], changes in ejection 
fraction [5], and, possibly, perfusion defects [6]. The abilities 
to perform graded dynamic exercise in an MR system and 
accurately measure these variables could improve the use- 
fulness of exercise to detect ischemic heart disease. With this 
goal in mind, we have designed and built an exercise device 
to be used in an MR system. 

Design goals for this device were that (1) it should operate 
within the MR system without requiring equipment modifica- 
tion, (2) it should allow graded dynamic exercise with the 


Fig. 1.—Exercise device con- 
structed of high-strength polypropyl- 
ene with pump adjustable longitudi- 
nally to accommodate varying patient 
heights. 


Fig. 2.—Patient lies supine so that 
both upper- and lower-leg muscles are 
used in exercise. Position is main- 
tained by diagonal shoulder straps, 
and exercise is performed in magnet 
bore. 








Received May 30, 1986; accepted after revision July 2, 1986. 


patient in the normal supine position, and (3) MR data acqui- 
sition should be obtained while the patient exercises. Imaging 
interference by ferromagnetic materials, as well as the phys- 
ical limitations of the scanner bore, eliminated conventional 
exercise devices from consideration. 


Technique 


Our device (Fig. 1) consists of a high-strength polypropylene frame 
on which two air-bellows pressure pumps with 16 cm of travel are 
mounted. The pump assembly is adjustable over a 30-cm range to 
accommodate patients at different heights. The output lines of the 
pumps have orifices that allow variable resistance to movement and 
enable calibration of the work required to depress the pump fully. 
The exercise device fits into the patient table (Fig. 2) of the Diasonics 
MT/S system without any table modification. The patient is positioned 
supine so that he or she is able to compress the pumps using both 
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Fig. 3.—Short-axis scans in normal volunteer before exercise (A) and 
after (B). Increased wall thickness and smaller cavity dimensions occur at 
same time in cardiac cycle. 


upper- and lower-leg muscles; diagonal shoulder and body straps 
maintain position during exercise. After we obtain baseline views of 
the left ventricle, the patient can exercise to either time or heart-rate 
limits. Continuous ECG monitoring (Diasonics ECG cardiac gating 
control system and monitor) allows the physician to detect arrhyth- 
mias and follow the heart-rate response to exercise. Blood pressure 
is obtained at appropriate intervals by using a modified Sunbeam 
model 7620 digital spohygmomanometer. The patient's pumping rate 
on the device can be regulated by using an electronic metronome, 
thus allowing staging of the exercise protocol. At the end of exercise, 
another scan is performed without repositioning or retuning. This is 
diagnostically relevant because segmental left ventricular wall-motion 
abnormalities sometimes persist for several minutes after the end of 
exercise, and some current techniques, such as exercise echocar- 
diography, rely on the persistence of these wall-motion abnormalities 
to detect ischemic heart disease noninvasively. 

The images obtainable with exercise MR are illustrated in Fig. 3, 
which shows the pre- and postexercise scan obtained in a true short- 
axis plane in a normal volunteer. This person exercised to a target 
heart rate, and image acquisition began immediately at the end of 
exercise. A 256 x 128 pixel, 2-acquisition, single spin-echo routine 
was used to obtain images in approximately 4 min. 


Discussion 


Images suitable for analysis of ejection-fraction and wall- 
motion abnormalities require acquisition of the same cardiac 
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slice both at the end of systole and diastole. Current imaging 
routines require significantly longer than 4 min for this proc- 
ess. However, technical developments in the near future 
should appreciably shorten this time requirement and improve 
the diagnostic yield of exercise MR. These developments 
include (1) rapid, small-flip-angle, short-TR routines that take 
less time and provide blood-flow and velocity information in 
addition to wall-motion data; (2) paramagnetic contrast agents 
to define perfusion defects; and (3) advanced computerized 
processing to quantify accurately the image information. 
These developments may also allow imaging during exercise, 
which is difficult now because of image degradation from 
patient motion. 

Interpretation of ECG ST-segment and T-wave changes is 
impaired in the presence of magnetic fields of 0.3 T or greater. 
T-wave abnormalities, previously noted [7], are thought to be 
caused by the induced electromagnetic force associated with 
high-velocity blood flow perpendicular to the static magnetic 
field. Although no arrhythmias or heart rate changes have 
been induced, the diagnostic usefulness of the ECG in this 
setting is diminished. 

In summary, we have developed an exercise device that 
can be used to perform graded exercise in a commercial MR 
system. Images obtained before and after exercise can be 
analyzed for changes reflecting myocardial ischemia. With 
further development of image acquisition and processing 
routines, this device should provide useful information for the 
noninvasive diagnosis of cardiovascular disease. 
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Malpractice and 
Radiologists, Update 1986: 


An 11.5-Year Perspective 





All medical malpractice lawsuits filed in Cook County, IL, from January 1, 1980, 
through June 30, 1986, were reviewed and compared with similar data for the period of 
January 1, 1975, through December 30, 1979. A total of 11,203 suits were filed during 
the 11.5-year period; of these, 1391 (12%) were radiology related. The latter were 
categorized into six groups. The largest was missed radiologic diagnoses, which 
accounted for 40% of the total. The remaining groups included complications, 19%; 
failure to order, 17%; radiation therapy, 11%; slip and fall, 5%; and miscellaneous, 8%. 
Over the 1975-1986 period, the rise in the number of suits alleging radiologic misses 
outpaced all other groups. Although the most common type of miss continues to involve 
fractures, the frequency of missed carcinomas has grown at a disproportionately faster 
rate. Misses specifically involving CT, nuclear medicine, and sonography also are 
becoming more prevalent. Radiographic misses continue to occur at an average rate of 
30%, with little hope of improvement. Methods to combat the rising number of malprac- 
tice suits are discussed. It is concluded that although programs to educate radiologists 
on risk management should continue, the ultimate solution may be a more enlightened 
public attitude as to what actually constitutes malpractice, and institution of tort reform 
measures by federal and state legislatures. 


It has now been 6 years since the American Journal of Roentgenology published 
a special report that listed and categorized all radiology-related malpractice lawsuits 
filed during the period from 1975 to 1980 in a large metropolitan region [1]. This 
article is a continuing survey of similar lawsuits and focuses on the questions of 
how many and for what reasons radiologists are sued for medical malpractice. Its 
purpose is to uncover the changing patterns that have occurred in the nature of 
allegations made in radiologic suits and to discuss how radiologists can more 
effectively reduce the causes of these suits. 


Materials and Methods 


The geographic region of Cook County, IL, includes the city of Chicago and many of its 
suburbs. The population is about 6 million. Its approximate medical composition includes 
9000 physicians (520 of whom are radiologists), 94 hospitals, and 31,000 beds. 

Malpractice suits in Cook County are filed in the Law Division of the Circuit Court in 
Chicago. The Cook County Jury Verdict Reporter is a private monthly service that lists every 
lawsuit filed, names all plaintiffs and defendants, and provides a brief summary of the 
allegations. Material for this report was gathered from every issue of the Verdict Reporter 
published between January 1, 1980, and June 30, 1986. All medical malpractice suits were 
categorized on the basis of the defendants and the complaints. Those suits that named a 
radiologist or involved a radiologic procedure were analyzed, and this material was then 
compared with similar data from the 1975 through 1979 period. Thus, an 11.5-year span is 
covered. 

Published descriptions of these lawsuits contain preliminary allegations only. During the 
legal process, charges are often modified, deleted, or added, and the names and number of 
defendants are frequently changed. No study of these changes is included in this report. 
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TABLE 1: Annual Totals of Radiology-Related Malpractice Lawsuits in Cook County, iL, 1975- 





1986 
AP EE e a 
Total Slip 
Radiology- Radiation Failure ni ; : 
Year Related a l Therapy to Order Complications Misses Misc. 
Suits 
1980 140 9 22 20 30 47 12 
1981 114 7 12 15 22 48 10 
1982 127 9 10 23 27 52 6 
1983 138 2 4 12 28 81 11 
1984 168 8 8 43 32 69 8 
1985 222 8 12 28 51 93 30 
1986? 17 0 1 6 3 7 0 
Subtotal? 926 43 (5) 69(7) 147 (16) 193 (21) 397 (43) 77 (8) 
1975 129 10 39 18 13 37 12 
1976 82 4 18 19 9 27 5 
1977 66 6 5 14 11 24 6 
1978 70 2 6 18 10 29 5 
1979 118 10 13 26 20 42 7 
Subtotal? 465 32 (7) 81(17) 95 (20) 63 (14) 159 (34) 35 (8) 
11.5-year total? 1391 75-(5) 150(41) 242 (17) 256 (19) 556 (40) 112 (8) 


a First 6 months only. 
> Numbers in parentheses are percentages. 


Lawsuits have three possible outcomes: They are won by the plaintiff, 
won by the defendant, or settled. It is beyond the scope of this paper 
to research the final disposition of these suits, although a study that 
does so is now in progress. 

No article can possibly list every grievance made by patients 
against physicians; many disputes are settled before legal action, 
thus escaping public record. | have deliberately focused on patient 
grievances rather than on actual injuries sustained. Although the 
latter are most important in determining final compensation, the 
specific allegations of wrongdoing are most useful to groups evalu- 
ating risk-management procedures. 


Results and Observations 


During the 78-month period from 1980 to 1986, 8136 
medical malpractice lawsuits were filed against hospitals and 
physicians. This number does not include suits naming only 
dentists, podiatrists, or chiropractors. Of the total, 926 suits 
involved radiologists or radiologic procedures. 

Suits involving radiology may be divided into several cate- 
gories for convenient discussion: (1) Cases that do not chal- 
lenge professional conduct. These include injuries resulting 
from slips or falls within, or in transit to, radiology depart- 
ments, from being struck by X-ray equipment, or from manip- 
ulation by the radiologist or technologist. Such cases, termed 
“slip-and-fall” suits by attorneys, are covered by professional 
liability insurance. (2) Suits that allege injury from radiation 
therapy. (3) Litigation termed “failure to order.” Defendants in 
these suits usually are not radiologists, but other physicians 
sued for failing to order a specific radiologic procedure. From 
an economic point of view, this type of suit assumes great 
importance. (4) Cases that allege misinterpretation of radi- 
ographs or radiologic procedures. Most name the radiologist 
as the defendant, but in some cases a hospital alone is named. 


TABLE 2: Slip-and-Fall Cases, 1980-1986 





Injury Number 

Fell from wheeichair or cart in or near X-ray depart- 

ment 13 
Fell from stool or table in X-ray department 15 
Struck by X-ray equipment 9 
Body injured by X-ray technician or radiologist 4 
Sexually assaulted by X-ray technician 2 
Total 3 


Note.-—Data for 1986 are for first 6 months only. 


(5) Suits that allege complications from radiologic procedures. 
(6) Miscellaneous cases. In 70% of these, radiologists were 
sued without apparent cause along with several other de- 
fendants. 

Table 1 summarizes the annual totals of various lawsuit 
categories both in the current 6.5-year period and in the 
1975-1979 period [1]. 


Slip-and-Fall Cases 


A total of 43 cases were reported (Table 2); 37 of these 
arose from injuries sustained as a result of falling in or near 
the X-ray department or of being inadvertently struck by 
various types of X-ray equipment. In four cases, patients 
alleged injury caused by rough handling by the X-ray tech- 
nologist or the radiologist. In two, sexual assault by the X-ray 
technician was claimed. 

Slip-and-fall cases accounted for about 5% of all radiology- 
related suits. As can be seen in Table 1, this figure is rather 
consistent throughout the 11.5-year span. 
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TABLE 3: Suits Alleging Injury from Radiation Therapy, 1980- 
1986 


Suit Number 

Thyroid carcinoma from childhood irradiation at Mi- 

chael Reese Hospital 22 
Late carcinoma from other childhood irradiation 6 
Miscellaneous tissue damage from improper X-ray 

therapy 35 
Unnecessary therapy due to mistaken diagnosis 3 
Failure to administer X-ray therapy 3 
Total 69 


Note.—-Data for 1986 are for first 6 months only. 


Injury from Radiation Therapy 


Sixty-nine cases claimed injury from radiation therapy (Ta- 
bie 3). Of these, 22 were related to alleged development of 
thyroid carcinoma due to previous childhood irradiation at 
Michael Reese Hospital in Chicago. As pointed out in the 
previous report [1], after Michael Reese undertook a massive 
program recalling for thyroid evaluation patients who previ- 
ously had been irradiated, a large number of lawsuits were 
filed. Forty-six were filed in the 1976 through 1979 period. In 
the current period, the number fell to 22, half of which were 
filed in 1980. Six additional cases alleged carcinoma due to 
previous childhood irradiation involving non—Michael Reese 
radiologists. 

Three suits alleged unnecessary therapy because of mis- 
taken diagnoses, and three suits alleged failure to administer 
any radiation therapy at all. There remained only 35 cases 
over the 6-year period that actually claimed tissue damage 
from radiation therapy. This small figure represents less than 
4% of ali radiology-related malpractice suits and should have 
little impact on the overall practice of radiology. 


Failure to Order Radiologic Procedures 


Most defendants in these suits (Table 4) were nonradiology 
physicians. Although more than one-third of these cases were 
related to bone injuries, many other radiologic procedures 
also were included. Noteworthy are five cases in which pa- 
tients who later developed lung carcinomas or metastatic 
lesions sued for failure to receive chest radiography in a timely 
fashion and six in which women who later developed breast 
carcinomas sued their physicians for failure to order mam- 
mograms. Ten suits specifically mentioned failure to order a 
CT scan, eight mentioned sonograms, and seven mentioned 
nuclear medicine scans. 

These figures indicate that attorneys have developed a 
greater knowledge of radiology. They also explain a major 
cause of “defensive” medicine: Clinicians order many tests in 
an effort to avoid lawsuits. The conflict between the need to 
practice defensive medicine and the pressure to comply with 
cost-containment measures instituted by Medicare’s diagno- 
sis-related groupings, various insurance companies, pre- 
ferred-provider organizations, and health-maintenance orga- 
nizations is obvious. 
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TABLE 4: Suits Alleging Failure to Order a Radiologic 

Procedure, 1980-1986 

Dt) 
Procedure Number 


Radiographs for 
Fractures and dislocations 
Bone malignancies 
Mandibular and teeth lesions 
Miscellaneous bone conditions and osteomyelitis 
Spine abnormalities 
Skull abnormalities 
Loose bodies in elbow 
Chest carcinoma or metastases 
Miscellaneous chest conditions, chest tube place- 
ment ‘ 
Gastrointestinal carcinomas and ulcers 
Foreign bodies 
Neck before intubation 
Kidney biopsy 
Mammograms for breast cancer 
Angiograms 
Myelograms 
Operating room cholangiogram 
Pelvimetry 
CT scans of 
Head, for tumor, trauma, and anomalies 
Abdomen and spine 
Sonograms for 
Fetal abnormalities 
Ectopic pregnancy 
Kidney carcinoma 
Nuclear medicine scans for 
Lung emboli 
Heart 
Bone 
Testicies for torsion 
Spleen for trauma 
Ventriculogram 
Unspecified 
Total 


Note.—Data for 1986 are for first 6 months only. 
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Radiologic Misses 


The largest single category of radiology-related lawsuits is 
still the missed diagnosis, which can arise from either failing 
to “see” a significant finding on a radiograph or attaching the 
wrong significance to a finding that is readily seen. Not 
noticing a fracture or pulmonary nodule are examples of the 
former; incorrectly labeling a breast density as “fibrocystic 
disease” rather than “suspicious for carcinoma,” the latter. 
Whereas in the 1975 through 1979 period, misses accounted 
for 34% of the lawsuits, in the 1980-1986 period, misses 
rose to 43%. A comparison of the 397 alleged misses in 
1980-1986 (Table 5) with the previous data [1] shows a 
dramatic increase in radiologists’ liability in cases involving 
carcinomas, CT scans, radionuclide examinations, and son- 
ographic studies. 

Not unexpectedly, misses centering on fractures and dis- 
locations of bones remained the most frequent, rising in 
number from 102 in the first 5-year period to 153 in the 
current 6-year period. However, misses of various carcinomas 
increased strikingly from a previous 29 to a current 92. Suits 
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TABLE 5: Suits Alleging Radiologic Misses, 1980-1986 
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Radiologic Miss Number 

Fractures, dislocations, and separations 153 
Delayed union or nonunion of fractures 10 
Lung malignancies: carcinoma, lymphoma, metas- 

tases 47 
Bone tumors 12 
Breast carcinomas (mammography) 15 
Gastrointestinal carcinomas: upper and lower tract, 

pancreas 9 
Carcinoma, type not specified 9 
Brain tumors, on radiograph and/or CT 7 
Miscellaneous bone conditions: osteomyelitis, degen- 

erative changes, aseptic necrosis 17 


Miscellaneous chest conditions: heart, asthma, sili- 
cosis 

Miscellaneous gastrointestinal conditions: gallbladder 
disease, ulcer, obstruction 

Head trauma: hematomas, vascular lesions 

Head CT, miscellaneous misdiagnoses 

Abdominal and spine CT, miscellaneous 

Angiographic and venous thromboses 

Aneurysms: aortic, renal 

Throat and neck abnormalities 

Foreign bodies 

Myelogram 

Arthrogram, shoulder 

Scoliosis of spine 

Bent hip prosthesis 

Fetal death and position, on plain radiograph 

Urinary tract, miscellaneous 

Nuclear medicine scans: bone, heart, thyroid 

Hysterosalpingogram: tubal patency 

Sonography: fetal age, position, anomalies 

Sonography, ectopic pregnancy 

Sonography, miscellaneous abnormalities 

Unspecified 

Total 
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Note.—Data for 1986 are for first 6 months only. 


alleging missed lung malignancies rose from 16 to 47, those 
claiming missed breast carcinomas jumped from four to 15, 
and those involving missed gastrointestinal carcinomas tripled 
from three to nine. Missed CT, nuclear medicine, and sono- 
graphic examinations were specifically mentioned in 40 cases 
in the current period, compared with only two cases in the 
1975-1979 listing. 


Complications of Radiologic Procedures 


Table 6 lists 193 suits that alleged complications from 
radiologic procedures, accounting in the current period for 
21% of all radiology-related suits. Leading the list are 69 
complications from angiography. There were 14 colon perfo- 
rations secondary to barium enemas, of which four specified 
air-contrast examinations. Twenty-six complications resulted 
from excretory urograms and venograms and another seven 
from CT injection. Myelograms accounted for 24 cases. Again 
reflecting the increasing sophistication of plaintiffs’ attorneys, 
suits arising from complications from specific examinations 
such as digital subtraction angiography, ERCP, and endou- 
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TABLE 6: Suits Alleging Complications from Radiologic 
Procedures, 1980-1986 


SSS A a TR RCH 


Procedure or Complication Number 

Angiography 69 
Colon perforation from barium enema (air contrast 

specified in four) 14 
Bartum enema, miscellaneous (obstruction) 2 
Excretory urography 13 
Venogram 13 
CT injection 7 
Myelogram 24 
Arthrogram 2 
Pregnancy aborted because of diagnostic X-ray 24 
1311, diagnostic, causing fetal anomaly 1 
Fetal anomaly from gallbladder and small-bladder ex- 

amination 1 
Male infertility from multiple X-rays 1 
Vas deferens injection 2 
Nonspecific injury from too much X-ray 1 
Bronchogram 1 
injury from bowel preparation for gastrointestinal se- 

ries 1 
Retrograde pyelogram 3 
Endourological procedures 2 
Informed consent for stone removal 1 
Embolization procedure 1 
Aspiration during upper gastrointestinal series 1 
Digital subtraction angiography 1 
ERCP 2 
Discogram 2 
Morphine before CT 1 
Gallium scan 1 
Bone scan 1 
Percutaneous transhepatic cholangiogram 1 
Total 193 


Note.—Data for 1986 are for first 6 months only. 


rologic procedures were filed also. Two cases of complica- 
tions were from nuclear medicine diagnostic examinations: 
one from a gallium study and one from a technetium scan of 
bone. 

Twenty-four cases alleged abortions that had occurred 
either spontaneously or on the order of a physician, and one 
additional case alleged fetal anomalies. All of these were 
supposedly the result of diagnostic X-ray procedures. Also, 
one case alleged male infertility caused by diagnostic X-ray 
procedures. 


Miscellaneous Suits 


Table 7 lists 77 miscellaneous suits; 57 of these named a 
radiologist along with several other defendants in cases that 
apparently were not directly related to radiology. In 10 cases 
it was alleged that the radiologist failed to communicate 
results of a study to either the patient or the patient’s physi- 
cian. In one case the radiologist was sued for failing to follow 
up proper treatment of a patient in whom a diagnosis of lung 
tuberculosis was made. One rather unusual case concerned 
a patient who alleged humiliation because her mammogram, 
which had shown a breast carcinoma, was displayed in a 
Xerox Corp. exhibit. 
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TABLE 7: Miscellaneous Malpractice Suits, 1980-1986 





Description of Suit Number 


Failure to communicate results to patient or referring 

physician 10 
Several defendants, including radiologist (in some 

cases apparently not related to radiologic proce- 

dures) 57 
Failure to follow up pulmonary tuberculosis 1 
Unnecessary myelogram 1 
Foot radiograph improperly developed 1 
Wrong hand X-rayed 1 
Breast biopsy not done after suggested by findings 

on mammogram 1 
Nonspecific allegation 1 
Poor hip pinning due to equipment failure 2 
Failure to interpret radiographs in timely fashion 1 
Mammogram showing breast carcinoma given to Xe- 

rox Corp., causing humiliation 1 


Total 77 


Note.---Data for 1986 are for first 6 months only. 


Relation between Radiology-Related Lawsuits and All 
Maipractice Suits in Cook County 


The overall percentage of radiology-related lawsuits has 
not only stabilized but has actually dropped somewhat. As 
can be seen in Table 8, radiology-related lawsuits accounted 
for 11% of all malpractice suits filed between 1980 and 1986, 
slightly less than in the 1975-1979 period, when they ac- 
counted for 15%. However, a look at the numbers of suits 
tells a different story. As can be seen in Table 8 and Figure 
1, the total number of malpractice suits filed in Cook County 
in the 1980-1986 period is more than double the number filed 
in 1976-1979. This is in keeping with a national trend of a 
burgeoning growth of medical malpractice litigation. 

The large number of suits filed in 1985 may reflect passage 
of a malpractice-reform bill by the Illinois State Legislature. 
This bill placed certain requirements on plaintiffs before the 
filing of a lawsuit, limited financial compensation to the injured 
patient, and lowered lawyers’ contingency fees. The effective 
date of this legislation was August 15, 1985. As a result, an 
onslaught of suits was filed just before that date. Whereas in 
all of 1985 a total of 2364 suits was filed, 2298 of them were 
filed before August 15. In the period from August 16 to 
December 31, 1985, a total of only 66 malpractice suits was 
filed, of which just 12 were related to radiology. 

This “postiegisiative depression” in malpractice lawsuit fil- 
ings has continued well into 1986. During the first 6 months 
of 1986, the total number of malpractice suits filed was only 
200; of these just 17 were radiology-related. This is in consid- 
erable contrast to the 1045 malpractice suits filed, of which 
96 were radiology-related, during the corresponding 6-month 
period in 1985. Clearly, the impact of tort reform legislation in 
Cook County has been felt, although it may be short-lived. 
Most plaintiffs’ attorneys had accelerated the preparation of 
lawsuits that normally would have been filed in late 1985 and 
early 1986 to meet the deadline of August 15, 1985. In this 
way they escaped the new restrictions imposed by the legis- 
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TABLE 8: Relationship Between Radiology-Related Lawsuits 
and All Malpractice Suits in Cook County, IL, 1975-1986 





Total Number 


of Number of 
Year Radiology- Percentage 
Malpractice : 
Suits Related Suits 
1980 858 140 16 
1981 906 114 13 
1982 1103 127 12 
1983 1312 138 11 
1984 1393 168 12 
1985 2364 222 9 
1986? 200 17 9 
Subtotal 8136 926 11 
1975 847 129 15 
1976 507 82 16 
1977 443 66 15 
1978 515 70 14 
1979 755 118 16 
Subtotal 3067 465 15 
11.5-year total 11,203 1391 12 
2 First 6 months only. 
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Fig. 1.~-Number of malpractice suits in Cook County, IL, 1975-1985. 
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Fig. 2.—-Number of lawsuits directly involving radiologists (misses, 
complications, and miscellaneous) in Cook County, iL, 1975-1985. 


lative reforms. A study of the 11-year trend (Figs. 1 and 2) 
suggests that malpractice filings are likely to resume their 
upward climb. 
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Discussion and Perspective 


Lawsuits alleging misses and complications of radiologic 
procedures, plus the miscellaneous group, have the most 
direct bearing on the everyday practice of radiology. Together, 
they number 667 in the current 6-year reporting period, rep- 
resenting 72% of all radiology-related suits and 8% of all 
medical malpractice lawsuits. When we include similar cases 
from 1975-1979, these three groups of suits accounted for 
66% of all radiology-related litigation in the 11.5-year period 
and slightly more than 8% of all medical malpractice lawsuits. 
Although the actual number of these suits has dramatically 
increased during the 11-year period, as shown in Fig. 2, when 
measured as a percentage the increase has been only mod- 
erate. Furthermore, the overall ratio of radiology-related to 
total medical malpractice suits has even decreased slightly 
(Table 8). 

These percentages unfortunately are of little comfort to the 
practicing radiologist. As seen in Table 1 and in Figs. 1 and 
2, the actual number of total medical malpractice suits and 
the actual number of suits alleging radiologic misses, compli- 
cations, and miscellaneous injuries have soared in the past 5 
years. This spectacular rise has far-reaching effects on all 
radiologists. 


Radiologic Misses: Can We Avoid Them? 


Closer scrutiny of the data reveals that radiologic misses 
constitute an even greater threat of involving the diagnostic 
radiologist in a malpractice lawsuit than previously imagined. 
In the 11.5-year reporting period, there were 556 suits alleging 
a missed diagnosis, representing 40% of the 1391 radiology- 
related suits. If we exclude those suits related to issues 
usually not under the direct professional control of the diag- 
nostic radiologist (i.e., the slip-and-fall, radiation therapy, and 
failure-to-order cases) and the 57 cases in which the radiolo- 
gist was sued along with several other defendants in matters 
not directly related to radiology, the figure of 1391 is reduced 
to 867. This number more realistically reflects the number of 
cases wherein the professional conduct of the radiologist is 
called into question and is the one against which the 556 
misses should be measured. Thus, we see that radiologic 
misses really account for 64%, not 40%, of lawsuits filed 
against the practicing diagnostic radiologist. A decrease in 
the number of misses could alleviate the burden of malpractice 
litigation. However, this is not an easy task. 

The published data [2-6] that document the number of 
significant errors committed by well-trained, competent radi- 
ologists is astonishing. Table 9 summarizes these studies. 
From the pioneering work of Garland [2] in 1949, who found 
a nearly 20% error rate and a 50% disagreement rate among 
radiologists, through the classic work of Yerushalmy [4] 1969, 
who showed a 30% error rate, to the most recently published 
studies of Lehr et al. [6] in 1976, who showed an overall error 
rate of 33% in radiographic interpretations, it can be seen 
that radiologic misses continue to occur in a surprisingly 
consistent and predictable manner. What Garland [2] said 
about error rates is as accurate and meaningful in 1986 as it 
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TABLE 9: Accuracy of Radiologic Examinations 
aS a a ee eR ee TT) 
Error Rate 


Area of Study (%) Reference 
Chest radiographs 20 Garland 1949 [2] 
Chest radiographs 30 Garland 1959 [3] 
Chest radiographs 30 Yerushalmy 1969 [4] 
Chest radiographs 41 Herman et al. 1975 [5] 
Various studies 33 Lehr et al. 1976 [6] 





was in 1949: “The first reaction of every new observer is, 
‘This does not happen to me.’ To these, we suggest, ‘Try it 
systematically,’ That this (high error rate) should happen to 
amateurs is accepted, but that it should happen to experts is 
now for the first time thoroughly proved statistically.” 

Can error rates be lowered? Logic suggests that as radi- 
ologists gain experience, their error rates will become lower. 
The facts, however, dispute this. In an exhaustive study of 
error rates in 2000 cases, Lehr et al. [6] found that experience 
had little to do with accuracy. The error rate among staff 
radiologists was 30%; among third- and fourth-year residents, 
33%; and among second-year residents, 31%. 

Logic also suggests that lengthening the time spent inter- 
preting a radiograph will increase accuracy, but Lehr et al. [6] 
found just the opposite. in their study, erroneous readings 
averaged 147 sec, the correct ones 113 sec. 

Logic further suggests that double reading is an effective 
and practical method of reducing error rates, but the evidence 
is mixed. Stitik and Tockman [7] did indeed find that the miss 
rate decreased from 31% to 18% by double reading, Yerush- 
almy et al. [8] found it decreased from 32% to 21%, and 
Guiss and Kuensler [9] showed a decrease from 34% to 25%. 
At the same time, each of these studies showed that two 
readers reading the same radiograph disagreed with each 
other an average of 58% of the time. Hessel et al. [10] found 
that double reading reduced errors by 37% and increased 
correct interpretations by 18%. But they also showed that 
double reading added 19% to the cost of procedures (because 
of additional time and manpower spent on arbitration of the 
two different opinions) and that it increased the false-positive 
diagnoses by 100%. Thus, as a practical or efficient means 
of reducing error rates among radiologists who practice in a 
hospital or a private office, double reading is, at best, of 
dubious value. 

The improvement in error rate achieved by repeated reading 
by the same radiologist also has been called into question. 
Yerushalmy [4] found that radiologists disagree with their 
own reading of the same radiographs, made at different times, 
21% of the time. 

It is logical to assume that accuracy in the clinical setting is 
improved if the radiologist compares radiographs with pre- 
vious similar studies and radiologic reports, if a complete 
patient history accompanies the radiologic request form, and 
if there is consultation with the referring physician. | know of 
no data in the literature that specifically support or contradict 
these assumptions, but Smith [11], in his book on errors in 
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diagnostic radiology, raised caveats about them. He de- 
scribed in detail how clinical history and laboratory results 
occasionally may lead the radiologist to draw incorrect con- 
clusions or to overlook pertinent radiographic findings. He 
also showed how a review of a previous similar radiograph 
and its accompanying radiologist’s report can . sometimes 
cause the radiologist to repeat an error made by a predeces- 
sor or to commit a new error. 

In view of the published data on radiologic errors, it is 
doubtful that radiologic misses will ever be significantly low- 
ered, as long as human beings continue to interpret radi- 
ographs. However, some basic common sense guidelines can 
help the radiologist minimize errors. These include (1) acquir- 
ing and maintaining an adequate level of knowledge before 
interpreting specific radiographs, (2) not attempting to inter- 
pret radiologic studies in areas in which the radiologist does 
not feel competent, (3) spending enough time to properly give 
a complete interpretation, (4) making comparisons with pre- 
vious radiologic studies and reports, (5) having adequate 
Clinical information, (6) making sure the radiographs are of 
good quality, and (7) discussing the radiographic findings with 
the referring physician whenever possible. Following these 
guidelines cannot ensure elimination of or even a decrease in 
errors, but not following them most likely will result in an 
increase. 


Malpractice and Risk Management 


Many causes of radiologic malpractice litigation other than 
the missed diagnosis can be minimized if not eliminated. 
Measures to ensure proper handling and transportation of 
patients, especially when they are confined to wheelchairs or 
carts; safe operation and accurate calibration of all radiologic 
equipment; efficient filing, storage, and retrieval of radi- 
ographs and radiologic reports; and effective timely transmis- 
sion of X-ray reports to referring physicians can be developed 
and implemented by the radiologist in conjunction with tech- 
nical and administrative personnel. Special procedure tech- 
niques, including the content of explanations and informed 
consents given to patients, can be reviewed in hopes of 
reducing complications and misunderstandings. Guidelines 
about the performance of radiologic procedures in the poten- 
tially pregnant patient can be formulated. 

Ongoing efforts to educate radiologists on the subject of 
risk management must be expanded. The American College 
of Radiology, through its malpractice awareness task force 
and its publication of the booklet, Medical Radiation: A Guide 
to Good Practice, is participating in this effort. The Radiolog- 
ical Society of North America, by scheduling a course on risk 
management in radiology at its annual scientific assembly, is 
also aiding in this educational process. State radiologic or- 
ganizations, state medical societies, and many hospitals are 
also devoting much attention to risk-management proce- 
dures, which are geared to reducing the causes of malpractice 
litigation. Such continuing efforts are a high-priority challenge. 

Whether good risk-management programs will substantially 
reduce radiologic malpractice litigation remains to be deter- 
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mined. Already established programs have thus far done little 
to stem the rising number of malpractice suits. Although the 
radiologic profession must continue to do its part in reducing 
the causes of malpractice, the ultimate solution may lie else- 
where. The question of whether every radiologic miss consti- 
tutes malpractice is a complex one that has been discussed 
before [12, 13]. Perhaps the public, through the court system 
and both federal and state legislatures, must restate the 
definition of medical malpractice and must realize that ordinary 
radiologic errors and complications resulting from special 
procedures should not be construed as malpractice. Perhaps 
the public must also devise a system of reasonable compen- 
sation to injured parties that will not overburden the hospital 
and medical establishments. 

Although it is beyond the scope of this paper to discuss 
monetary awards arising from these suits, others have done 
so [13, 14]. Radiologists should keep these accelerating 
verdict and settlement dollar awards in mind when determin- 
ing their need for appropriate professional liability coverage. 
Increasing coverage unfortunately leads to higher insurance 
premiums, but the malpractice problem extends beyond the 
actual costs—it touches on the availability of coverage. In 
some states, Illinois for example, insurance carriers are begin- 
ning to deny insurance to physicians who have an unfavorable 
claims history. Increasing numbers of malpractice suits una- 
voidably will be accompanied by increasing numbers of radi- 
ologists with poor claims histories; this ultimately will have an 
adverse impact on both the cost and the availability of profes- 
sional liability insurance. 

As can be seen by the precipitous drop in the number of 
malpractice suits filed in Cook County after August 15, 1985, 
reform tort legislation holds considerable promise in ultimately 
alleviating the malpractice quagmire. Eventually, a combina- 
tion of actions from the legislature, enlightened public atti- 
tudes toward malpractice, efforts to minimize misses and 
complications, and more effective communications with pa- 
tients may help to curtail permanently the spiraling number of 
malpractice suits. 


Conclusions 


Malpractice litigation in Cook County, IL, permeates every 
aspect of medical practice. Although the percentage of suits 
involving radiologists seems to have leveled off, if not de- 
creased, the absolute number of radiology-related suits con- 
tinues to rise. Perhaps as a result of greater sophistication 
among plaintiffs’ attorneys, the types of radiologic procedures 
called into legal question have been expanded to include CT, 
sonography, and nuclear medicine examinations. MR imaging 
cannot be far behind. 

Radiologic professional organizations must continue efforts 
to educate their members on risk management, on ways of 
reducing litigation exposure, and on how to better defend 
oneself when sued. Simultaneously, federal and state tort 
reform legislation seems to be moving slowly forward. In the 
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meantime, the threat and the reality of malpractice litigation 
influences virtually every facet of the radiologist's practice. 
As this report demonstrates, that threat and reality are not 


likely to diminish soon. 
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MR Imaging and CT of 
Extrahepatic Cavernous 
Hemangiomas 





Ten extrahepatic cavernous hemangiomas in seven patients were evaluated by MR 
and CT. MR was done with a 1.0-T superconducting magnet and spin-echo imaging. The 
lesions occurred in the musculoskeletal system, parotid gland, and spleen. MR and CT 
features of hemangiomas were compared, and MR findings in hemangiomas were also 
compared with those in eight musculoskeletal tumors of nonvascular origin. MR detected 
10 hemangiomas, while nine were shown by CT. Also, MR was more accurate than CT 
in three patients in determining the true extent of hemangiomas. At a pulse-repetition 
interval of 2000 msec and an echo delay time of 90 msec, all hemangiomas were 
markedly hyperintense compared with skeletal muscle. Quantitatively, at this pulse 
sequence, intensity ratios of hemangiomas to skeletal muscle were all seven or greater 
(mean = 9.89), while the ratios for other tumors were usually less than seven (mean = 
5.14). These means differed significantly (p < .001). Small cavernous hemangiomas 
were homogeneous, well-defined round or oval lesions, while large hemangiomas 
consisted of dilated, tortuous vascular channels. Other tumors, however, were usually 
heterogeneous owing to hemorrhage and necrosis and had irregular margins. MR may, 
therefore, be useful for distinguishing cavernous hemangiomas from other soft-tissue 
tumors, particularly sarcomas. 


Cavernous hemangiomas occur commonly in the liver where CT often suggests 
the correct diagnosis [1, 2]. Recent studies indicate that MR imaging also often 
permits tissue-specific characterization of liver cavernous hemangiomas [3, 4]. 
They are usually markedly hyperintense compared with normal liver on MR scans 
obtained using long pulse-repetition intervals (TRs) and long echo-delay times (TEs) 
[3, 4]. Cavernous hemangiomas occur in many anatomic sites other than the liver 
[5], but there is little information about their CT and MR features [6-8]. The present 
study was done retrospectively to establish the utility of MR in evaluating extra- 
hepatic cavernous hemangiomas and to compare it with CT. 


Materials and Methods 


During a 6-month period, 10 cavernous hemangiomas occurring in seven patients were 
studied by MR and CT. CT was the first study in all patients and preceded MR by intervals 
of 1-26 days. The MR and CT findings were evaluated retrospectively and compared with 
surgical and pathologic findings. Both studies were interpreted together for each patient with 
emphasis on determining the ability of MR and CT to establish the diagnosis and to determine 
the extent of the lesion. We also attempted to determine whether MR could differentiate 
cavernous hemangiomas from other tumors by evaluating MR features of eight histologically 
confirmed musculoskeletal tumors of nonvascular origin. They included two malignant fibrous 
histiocytomas, three neurofibrosarcomas, a chest-wall lymphoma, and soft-tissue compo- 
nents of an osteosarcoma and a chondrosarcoma. 

The patients with hemangiomas consisted of six men and one woman aged 12-53 years 
(mean, 27 years). Most complained of soft-tissue masses. One patient had neurologic 
symptoms due to extradural extension of a vertebral hemangioma. Lesion locations included 
the thigh muscles (two), ankle (three in one patient), foot (one), parotid gland (one), fifth 
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thoracic vertebra (one), and abdominal wall (one). The last was 
associated with a splenic lesion. Six lesions were resected. Surgical 
biopsies of three lesions were done. All diagnoses were confirmed 
histologically except for the splenic lesion. This was diagnosed from 
CT findings of peripheral contrast enhancement and delayed “filling- 
in” of the lesion [1, 2]. Three lesions were considered histologically 
to be mixed capillary-cavernous hemangiomas, although the cavern- 
ous element always predominated. 

All patients had CT scans. Dynamic CT .scanning after bolus 
injections of urographic contrast material was done in three cases. In 
others, CT was done during rapid IV infusions of 150 mi of 60% 
meglumine iothalamate. Contiguous sections of 5 to 10 mm were 
obtained. MR was done in all patients by using a superconducting 
magnet (Siemens) operated at 1.0 T and multisection spin-echo (SE) 
imaging. Two pulse sequences were always used, one with a TR of 
500 msec and a TE of 30 msec and another with a TR of 2000 msec 
and TEs of 30 and 90 msec. Two data acquisitions were always 
averaged for each image. Contiquous sections of 5 or 10 mm were 
obtained by interleaving. Axial images were always obtained and 
were supplemented by sagittal or coronal images. 

MR intensity measurements of eight of 10 hemangiomas, other 
tumors, and adjacent skeletal muscle and fat were obtained by using 
an electronic cursor to define regions of interest. Intensity and other 
measurements were not obtained for either the splenic lesion or an 
8-mm ankle hemangioma in which partial-volume averaging precluded 
accurate measurements. When possible, all intensity measurements 
were made with the same x coordinate (i.e., same y axis) to minimize 
the effects of artifacts. Intensity ratios of cavernous hemangiomas 
and other tumors to muscle and fat were calculated for all pulse 
sequences. T1 and T2 relaxation times were measured for eight 
hemangiomas and all other tumors by using commercially available 
scanner software. MR images were evaluated for flow-related effects 
such as flow enhancement and high-velocity signal loss. The mean 
intensity ratios (Table 1) and mean T1 and T2 relaxation times for 
hemangiomas and other tumors were compared by using the two- 
sample t test. 


Results 


Six hemangiomas were 2 cm or smaller (mean size, 1.6 
cm; range, 0.8-2 cm in maximum dimension), while four 
measured 5.3, 6.2, 8.3, and 15.6 cm, respectively, in the long 
axes. 

CT identified nine of 10 hemangiomas. An ankle lesion 
measuring 8 mm was not detected. Three cavernous heman- 
giomas contained phleboliths that were shown by CT but not 
by MR (Fig. 1). On CT, all hemangiomas showed variable 
degrees of contrast enhancement. Of five lesions measuring 
2 cm or less, two showed diffuse enhancement similar in 
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degree to that in adjacent large blood vessels (Fig. 2), while 
three showed denser peripheral enhancement (Fig. 3). Two 
of four large hemangiomas exhibited enhancing tubular vas- 
cular structures (Fig. 4), while two showed no definite vessels 
(Fig. 1). One of the latter, a vertebral hemangioma, was 
suspected on CT from prominent vertical trabeculae seen in 
cross section in the vertebral body with a nonspecific extra- 
dural mass. On CT, the smaller hemangiomas were round or 
oval and had smooth, well-defined contours (Figs. 2 and 3). 
The larger lesions had poorly defined interfaces with adjacent 
tissues and irregular contours in three patients (Figs. 1 and 
4). 

Hemangiomas showed consistent MR appearances at var- 
ious SE pulse sequences. Visually, they were slightly or 
somewhat more intense than skeletal muscle on SE images 
obtained at TR = 500 msec, TE = 30 msec (Fig. 3). 
Hemangiomas were usually considerably more intense than 
muscle on SE 2000/30 images (Fig. 1), but were markedly 
hyperintense compared with muscle on SE 2000/90 images 
(Figs. 1~4). Hemangiomas were usually significantly less in- 
tense than fat on SE 500/30 images (Fig. 3) and were 
slightly less intense than fat on SE 2000/30 images (Fig. 1). 
The lesions were somewhat more intense than fat on SE 
2000/90 images (Figs. 1-4). Consequently, the best contrast 
between hemangiomas and surrounding tissues was obtained 
at the TR = 2000 msec, TE = 90 msec pulse sequence. 
Other tumors showed similar findings but were usually not as 
hyperintense compared with muscle and fat on SE 2000/90 
images. 

Of the various means calculated, only the mean lesion/ 
muscle ratios obtained at TR = 2000, TE = 90 msec differed 
significantly for hemangiomas and other tumors (p < .001) 
(Table 1). The intensity ratios of hemangiomas to skeletal 
muscle were all seven or greater, while the ratios for other 
tumors were less than seven, except for a neurofibrosarcoma, 
which had a ratio of nine. The mean T1 relaxation time for 
hemangiomas was 1725 msec (SD, 558; range, 983-2745 
msec), while the mean T1 value for other tumors was 1273 
msec (SD, 415; range, 743-2151 msec). The mean T2 relax- 
ation time for hemangiomas was 128 msec (SD, 40; range, 
89-212 msec), while the mean T2 value for other tumors was 
99 msec (SD, 34; range, 73-157 msec). These means did not 
differ significantly (p > .05, two-sample t test). 

The smaller hemangiomas were homogeneous in appear- 
ance at all pulse sequences, were round or oval in shape, and 
had smooth, well-defined contours (Figs. 2 and 3). The larger 


TABLE 1: Mean MR Intensity Ratios of Cavernous Hemangiomas and Other Tumors to Muscle and Fat at Different Pulse Sequences 





Cavernous Hemangiomas (n = 8) 


Other Tumors {n = 8) 


Pulse Sequences Lesion/Muscle Lesion/Fat Lesion/Muscle Lesion/Fat 
Mean (SD) Range Mean (SD) Range Mean (SD) Range Mean (SD) Range 
TR 500/TE 30 msec 1.55 (0.01) 1.4-1.6 0.39 (0.01) 0.2-0.5 1.31 (0.57) 08-26 0.33(0.01) 0.2-0.5 
TR 2000/TE 30 msec 1.99 (0.37) 1.6-2.6 0.86 (0.19) 0.5-1.2 1.79 (0.31) 1.4-2.4 0.64(0.18) 0.3-0.9 
TR 2000/TE 90 msec 9.897 (2.08) 7.0-12.9 2.21(1.16) 1.2-48 5.14°(1.81) 3.6-9.0 1.41 (0.42) 0.8-1.8 





Note.—TR = repetition time; TE = echo time. 
* p value for difference between means <.001, two-sample t test. 
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Fig. 1.—Cavernous hemangioma of foot. 

A, CT shows deep mass (arrowheads) between 
metatarsals and plantar muscles. Demarcation be- 
tween tumor and muscle is not clearly defined. 
Note calcified phleboliths (arrow). 

B, MR (TR 2000/TE 30) reveals that heman- 
gioma (arrowheads) is significantly more intense 
than muscle, but only slightly less intense than fat. 

C, MR (TR 2000/TE 90) exhibits markedly hy- 
perintense appearance of hemangioma (black ar- 
rowheads). Lesion is more intense than both fat 
and muscle and has high signal intensity similar 
to superficial veins (white arrowhead). True extent 
of hemangioma is well displayed because of high 
contrast. 

D, Extent of hemangioma is well demonstrated 
on sagittal MR image (TR 2000/TE 90). Heman- 
gioma is composed of large tortuous vascular 
structures separated by low-intensity fibrous con- 
nective tissue stroma. 


Fig. 2.—Cavernous hemangioma of right pa- 
rotid gland. 

A, Contrast-enhanced CT shows well-defined, 
homogeneously enhancing lesion (curved arrow) 
with smooth contour located posteriorly in parotid 
gland anterior to sternocleidomastoid muscle. 
Note contrast material in parotid duct (white arrow) 
from sialogram. Internal jugular vein (open arrow), 
junction of maxillary and superficial temporal veins 
(straight black arrow). 

B, MR (TR 2000/TE 90) exhibits well-defined, 
markedly hyperintense, homogeneous parotid 
nodule (solid white arrow). Junction of superficial 
temporal and maxillary veins (open black arrow), 
posterior belly of digastric muscle (solid black 
arrow), internal jugular vein (open white arrow). 
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lesions were composed of dilated, tortuous vascular struc- caused by areas of hemorrhage and necrosis, and all had 
tures separated by low-intensity linear structures and had poorly defined, irregular margins. 

somewhat irregular margins (Figs. 1 and 4). Of eight other The intensities of hemangiomas could be compared with 
tumors, only two were homogeneous at all pulse sequences. those of adjacent veins in six patients. In four, hemangiomas 


The rest displayed heterogeneous internal architectures and adjacent peripheral veins showed similar high signal 
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Fig. 3.—Intramuscular cavernous hemangioma 
of thigh. 

A, Contrast-enhanced CT shows juxtafemoral 
lesion (solid arrow) in left vastus lateralis and 
vastus intermedius muscles. Lesion demonstrates 
degree of enhancement similar to popliteal artery 
(arrowhead) and vein (open arrow). 

B, Coronal reconstructed CT image displays 
denser peripheral enhancement in hemangioma 
(arrows). 

C, MR (TR 500/TE 30) shows that hemangioma 
(arrow) is more intense than surrounding muscle. 

D, MR (TR 2000/TE 90) reveals that heman- 
gioma (solid arrow) is hyperintense compared with 
muscle and fat and has a signal intensity similar 
to that in popliteal vein (open arrow) and subcu- 
taneous saphenous veins (black arrows). 


Fig. 4.—Cavernous hemangioma of abdominal 
wall and spleen. 

A, Contrast-enhanced CT scan shows dilated 
tortuous vascular channels (white arrows) in sub- 
cutaneous tissues of left lateral abdominal wall. 
Lesion extends deeply to involve muscles and 
posteriorly to involve left erector spinae muscle 
(open arrow). Focal splenic lesion (black arrow) 
shows peripheral contrast enhancement. 

B, MR (TR = 2000/TE = 90) shows hyperintense 
appearance of dilated vascular channels sepa- 
rated by low-intensity connective tissue stroma 
(white arrows). Muscular extension is well shown. 
Splenic lesion (black arrow) also exhibits hyperin- 
tense appearance. 


intensities at the TR = 2000 msec, TE = 90 msec pulse showed lower intensities than adjacent veins at the TR = 
sequence (Figs. 1 and 3). In two patients (with parotid and 2000 msec, TE = 90 msec pulse sequence. 

abdominal wall lesions), adjacent large veins such as the CT and MR gave similar information about the extent of 
internal jugular vein (Fig. 2) and inferior vena cava showed no hemangiomas in seven of 10 lesions (Figs. 2 and 3). In three 
signal. Five peripheral tumors in the comparison group large lesions, MR gave a better indication than CT of the 
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extent of hemangiomas and their relationships to adjacent 
structures. This resulted from greater contrast between he- 
mangiomas and adjacent structures such as muscles on MR 
(Figs. 1 and 4) and from the ability of MR to provide direct 
sagittal and coronal images (Fig. 1). 


Discussion 


Cavernous hemangiomas are found most often in the liver, 
where they occur with reported frequencies of 0.4-7.3% in 
autopsy series [9]. They also occur commonly in skeletal 
muscle, where they vary from small to extensive lesions [10- 
12]. Deep intramuscular cavernous hemangiomas are difficult 
to diagnose clinically and may be confused with soft-tissue 
sarcomas [11, 12]. Hemangiomas occur less commonly in 
bone [5], salivary glands [13], and spleen [14]. 

Diagnosis of cavernous hemangiomas is important, since 
the lesions are always benign [12]. Consequently, surgical 
resection is often reserved for only large, symptomatic liver 


and musculoskeletal lesions [3, 12]. if resection is required; 


precise preoperative determination of lesion extent is neces- 
sary because, despite their benign nature, soft-tissue cavern- 
ous hemangiomas frequently extend insidiously across the 
normal tissue barriers to tumor growth [12]. Incomplete re- 
section is almost invariably followed by recurrence [12]. 
Sometimes, preoperative radiologic studies may indicate that 
a lesion is so extensive that definitive surgery would be 
markedly disabling and therefore unwarranted [12]. 

Conventional radiographs may help in the diagnosis of 
hemangiomas by showing phleboliths [12]. However, phle- 
boliths occurred in only 30% of lesions in our series. Also, 
conventional radiography does not show the size or extent of 
hemangiomas. Arteriography often shows that peripheral he- 
mangiomas are composed of tortuous dilated vessles [6, 15], 
but differentiation between hemangiomas and malignant soft- 
tissue tumors is not always possible [15]. Moreover, angiog- 
raphy does not usually show the relationship of lesions to 
adjacent structures well enough to allow accurate surgical 
planning [6, 12]. Accordingly, the role of angiography is limited 
to identification of major feeding vessels for planning surgical 
or embolic therapy [6]. 

CT and MR are useful in evaluating cavernous heman- 
giomas [1, 2, 6]. In our present study, MR was slightly more 
sensitive than CT in detecting hemangiomas. Small heman- 
giomas may be suspected on CT if they show peripheral (Fig. 
3) or diffuse (Fig. 2) contrast enhancement similar to that of 
adjacent blood vessels. Larger lesions may be diagnosed 
from the presence of phleboliths (Fig. 1), which are not shown 
by MR, and the presence after contrast enhancement of 
punctate or curvilinear structures that have attenuation values 
similar to nearby vessels (Fig. 4) [6]. However, unless IV bolus 
contrast injections and dynamic scanning are used, heman- 
giomas may not be distinguishable from other soft-tissue 
tumors on CT [6]. 

On MR, hemangiomas appear markedly hyperintense com- 
pared with skeletal muscle on images obtained at long TR 
and TE intervals (Figs. 1-4). Small lesions are homogeneous 
in appearance and have smooth, well-defined contours (Figs. 
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2 and 3). Larger lesions exhibit dilated vascular channels 
separated by low-intensity linear structures probably repre- 
senting loose fibrous connective tissue stroma (Figs. 1 and 4) 
[16]. They do not usually show heterogeneity of the internal 
architecture or markedly irregular margins seen in malignant 
soft-tissue tumors. However, cavernous hemangiomas may 
manifest a spectrum of histopathologic changes including 


” hemorrhage, thrombosis, extensive hyalinization, and hemo- 


siderin and mineral deposits [17, 18]. These histologic 
changes may affect CT [17, 18] and MR appearances by 
causing heterogeneity. Consequently, confusion between he- 
mangiomas and malignant tumors sometimes occurs on both 
CT and MR [3, 4, 17, 18]. 

Quantification of T1 and T2 relaxation rates is not useful in 
characterizing hemangiomas. However, the intensity ratio of 
hemangioma to skeletal muscle at the TR = 2000 msec, TE 
= 90 msec pulse sequence is useful in diagnosis. In our 
system operated at 1.0 T, hemangiomas always had ratios of 
seven or greater. Only one other tumor had a ratio greater 
than seven, but this lesion was also heterogeneous in ap- 
pearance. and had an irregular margin. Accordingly, both 
morphologic and quantitative features may help in distinguish- 
ing hemangiomas from other soft-tissue tumors. 

MR also helps distinguish cavernous hemangiomas from 
arteriovenous malformations [19]. Rapid flow in the enlarged 
vessels of these lesions causes high-velocity signal loss at all 
pulse sequences [19], whereas hemangiomas typically show 
increased signal intensity on T2-weighted images. We did not 
study any malignant tumors of vascular origin such as he- 
mangiopericytomas or hemangioendotheliomas. To our 
knowledge, their MR features have not been described. How- 
ever, on CT, malignant soft-tissue hemangiopericytomas dif- 
fer from cavernous hemangiomas in that they usually consist 
of large, lobular masses with areas of cystic degeneration 
and hemorrhage [20]. Hemangioendotheliomas affect bones 
more often than soft tissues and generally have obvious 
malignant features on conventional radiography [12]. It is 
therefore unlikely that these rare tumors will be confused with 
hemangiomas on MR. 

Both MR and CT are useful in determining the true extent 
of hemangiomas. However, MR was more accurate than CT 
in this respect in three patients in our study because of the 
greater contrast between lesions and adjacent structures on 
T2-weighted images and the ability of MR to provide direct 
sagittal and coronal images. MR provides excellent delinea- 
tion of the relationships of hemangiomas to specific muscle 
groups, fascial planes, and blood vessels and therefore facil- 
itates planning of curative surgery. 

it is likely that the marked hyperintensity of cavernous 
hemangiomas compared with muscle at the TR = 2000 msec, 
TE = 90 msec pulse sequence is related to slow blood flow 
known to occur in these lesions [16]. The similar intensities 
of peripheral hemangiomas and adjacent small veins at this 
pulse sequence in some of our patients supports this hypoth- 
esis (Figs. 1 and 3) [21]. Hemangiomas in locations such as 
the parotid gland and abdominal wall showed much higher 
signal intensities than did the internal jugular vein (Fig. 2) and 
inferior vena cava, which had signal voids probably because 
of high-velocity blood flow [21]. 
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In summary, cavernous hemangiomas often manifest dis- 
tinctive findings on MR and CT that permit their differentiation 
from other soft-tissue lesions such as sarcomas. This is 
important prognostically and therapeutically since cavernous 
hemangiomas are always benign. However, since atypical 
liver hemangiomas may be confused with malignant lesions 
on MR [3, 4] and CT [17], it is likely that similar difficulties 
sometimes will be encountered with extrahepatic heman- 
giomas. It is also possible, that as with a neurofibrosarcoma 
in our series, sarcomas sometimes may have features found 
in hemangiomas. Our series is small and our results require 
validation by studies of larger series of patients with heman- 
giomas and sarcomas. 
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Case Report 





Multiple Granular Cell Tumors of the Skin and 
Gastrointestinal Tract 


D. Randall Radin,’ Richard Zelner,? Marilyn J. Ray,’ Hartley Cohen,? and James M. Halls’ 


Granular cell tumors are uncommon lesions of probable 
Schwann cell origin Al; In the past they were called granular 
čl myoblastoma because of suspected muscle origin [2]. 
Almost always benign, granular cell tumors are found in 
patients of all ages, from 4 months to 79 years, with approx- 
imately equal frequency in both sexes [2-4]; there appears 
to be a relatively greater prevalence in blacks than in whites 
[3]. Although almost any organ may be involved, 70-80% of 
granular cell tumors appear as small asymptomatic masses 
in the skin, subcutaneous tissue, or mouth (particularly on the 
tongue) [2, 3]. Only 5-7% of these lesions are detected in 
the gastrointestinal tract [3]. Seven to 16% of affected pa- 
tients have two or more tumors, usually in a single organ but 
occasionally involving several organs [2, 3, 5]. We wish to 
report an unusual patient with granular cell tumors of the skin, 
esophagus, stomach, colon, and perianal region who had 

gastrointestinal hemorrhage. 


Case Report 


A 51-year-old black woman complained of epigastric pain, nausea, 
vomiting, and melena. Firm, mobile cutaneous nodules 1 cem in 
diameter were palpated on her left anterior chest wall and left wrist. 
She reported that she had undergone excision of several similar 
nodules and had been told that they were benign. After transfusion 
with two units of packed RBCs to raise her hematocrit to 27%, upper 
endoscopy was performed. A small extramucosal mass was detected 
in the distal esophagus, and a 4-cm mass with a deep central 
ulceration was seen on the greater curvature of the body of the 
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stomach. Biopsy specimens of the gastric lesion showed acute and 
chronic inflammatory changes. Both lesions were seen on findings of 
an uppeér’gastrointestinal series'(Figs. 1A and:1B). The patientunder- 
went subtotal gastrectomy and gastrojejunostomy. A 3-cm mass in 
the transverse colon was discovered incidentally during surgery, and 
segmental resection with primary anastomosis was performed. Path- 
ologic examination revealed that both lesions were granular cell 
tumors. The gastric mass was located in the submucosa; the colonic 
mass arose in the muscularis. Subsequent CT showed two cutaneous 
nodules in the vulva and the perianal region that had escaped 
detection on initial physical examination (Fig. 1C). In addition, an 
intraluminal polypoid mass 2-3 cm in diameter was noted in the 
ascending colon. This was confirmed by barium enema (Fig. 1D). The 
mucosa overlying this pedunculated mass was intact at colonoscopy. 
The polyp was removed with an electrosurgical snare but, unfortu- 
nately, was lost before histologic examination. 


Discussion 


Granular cell tumors occur as intramural lesions throughout 
the gastrointestinal tract. In 1981, Johnston and Helwig [4] 
reported 74 cases and reviewed an additional 66 cases in the 
world literature. These tumors were distributed as follows: 
esophagus, 30%; stomach, 19%; small bowel, 2%; appendix, 
3%; colon, 23%; and perianal region, 23%. Twelve percent 
of their patients had several granular cell tumors occurring 
either in the same area of the bowel or in other organs, most 
commonly the skin. 

Coutinho et al. [6] reviewed 117 cases of granular cell 
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tumor of the esophagus reported in the world literature 
through December 1984 and added two cases of their own. 
Age of the patients was 19 to 72 years, with an average in 
the early 40s. Men outnumbered women by almost 2 to 1, 
and a relatively high prevalence was found in blacks. Symp- 
toms were present in approximately 50% of patients and 
occurred more frequently with larger lesions. Dysphagia was 
the most common symptom, followed by upper abdominal 
pain and thoracic pain. Sixty-three percent of the tumors were 
located in the lower esophagus, 19% in the middle, and 18% 
in the upper. Most were less than 2 cm in diameter; only four 
were larger than 4 cm. Malignant changes were described in 
four cases (3%). The nonspecific radiographic appearance of 
a small extramucosal esophageal mass, as seen in our pa- 
tient, was typical. 

We are aware of literature reports of 36 patients with 
granular cell tumors of the stomach [1, 4, 7-9]. The age 
distribution of these patients was almost identical to that of 
patients with esophageal involvement. However, there was a 
reversal of the sex ratio, with a 2:1 female preponderance 
among patients with gastric lesions. At least half of the 
patients were black. The gastric tumor was an incidental 
finding in one-third of the patients. Symptomatic patients were 
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Fig. 1.—A, Spot film of distal esophagus. 
Small extramucosal mass on anterolateral wall. 

B, Spot film of body of stomach. Large poly- 
poid filling defect with central ulceration. 

C, CT scan of perineum. Two small soft-tissue 
nodules (arrows) in right labium majus and per- 
ianal region. 

D, Spot film of hepatic flexure. Polypoid mass 
(arrow) arising from posterolateral wall. 


Clinically suspected of having peptic ulcer disease, as was 
our patient. Epigastric pain occurred in 75%, vomiting in 25%, 
and gastrointestinal bleeding in 20%. The tumors occurred 
more commonly on the lesser curvature. As with esophageal 
lesions, about 80% of gastric granular cell tumors were less 
than 2 cm in diameter, with only a few greater than 4 cm. No 
malignant granular cell tumor of the stomach has been re- 
ported. These tumors appeared radiographically as intramural 
gastric masses, occasionally with ulceration of the overlying 
mucosa. Two or more gastric lesions were present in 15- 
20% of the patients reported. Eleven percent of patients had 
granular cell tumors elsewhere in the gastrointestinal tract, 
and 17% had extraintestinal lesions, usually cutaneous or 
subcutaneous. 

Johnston and Helwig [4] reported on 20 patients with 
granular cell tumors of the colon and reviewed an additional 
12 cases from the literature. These patients averaged 47 
years of age (range, 17-79) and were evenly divided by 
gender. A disproportionately large number were black. Al- 
though a few patients had rectal bleeding or discomfort 
attributable to the granular cell tumor, most of the lesions 
were discovered incidentally on rectal examination or barium 
enema. The cecum and rectosigmoid were the most frequent 
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sites. Twenty percent had several colonic lesions, and 6% 
had a concurrent gastric granular cell tumor. Ail of the colonic 
tumors were small benign submucosal masses. The right 
colonic lesion in our patient was radiographically indistinguish- 
able from an adenomatous polyp. However, its submucosal 
location was evident at colonoscopy. 

Although uncommon, granular cell tumor should be in- 
cluded in the differential diagnosis of an intramural mass in 
the gastrointestinal tract. Major surgical resection is probably 


unnecessary when a small asymptomatic submucosal tumor): 


is detected in the esophagus, stomach, or colon of a patient 
with a history of histologically proven granular cell tumor of 
the skin or gastrointestinal tract. 
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Tailgut Cyst: Diagnosis With CT 
and Sonography 





Tailgut cyst is a rare congenital lesion that presents as a presacral mass, found in 
infancy or persisting undetected into adulthood, and characterized by multiple cysts 
lined with a gastrointestinal type of epithelium. In a retrospective review of five patients 
whose ages ranged from 1 month to 42 years—three cases with CT and two with 
sonograms—tailgut cyst appeared as a complex mass on both procedures, representing 
its composition of multiple small cysts filled with keratinous material and other debris. 
Other CT and sonographic features include well-defined borders, and, in one case, 
presentation as a mass lateral to the midline. CT also shows preservation of adjacent 
fat planes. Tailgut cyst should be included in the differential diagnosis of a retrorectal 
mass at any age. 


Tailgut cyst, or retrorectal cystic hamartoma, is a rare congenital lesion that 
typically occurs between the rectum and the sacrum. It is thought to arise from a 
vestige of the embryonic hindgut and is characterized by multiple cysts lined by a 
variety of intestinal types of epithelium, most often a columnar epithelium [1]. 
Squamous and transitional epithelia are also common. 

Tailgut cyst has been described in the surgical and pathologic literature [2, 3], 
but only its appearance on barium enema examination has been noted in the 
radiologic literature [1]. We describe the radiographic findings in five patients with 
this abnormality (four with CT and/or sonography, one with barium enema alone), 
and correlate the radiographic and pathologic abnormalities. 


Materials and Methods 


The clinical history, imaging studies, and pathology specimens of five patients with tailgut 
cyst (on file at the Radiologic Pathology Registry of the Armed Forces Institute of Pathology) 
were retrospectively reviewed. Four patients were imaged with CT or sonography: two had 
only pelvic CT, one had only a pelvic sonogram, and one had both studies. One patient, an 
infant, had only a barium enema. The CT scans were performed with both oral and IV contrast 
and with 10-mm slice thickness. 


Results 


The four patients evaluated by CT or sonography averaged 32 years old (range, 
17-42 years). The fifth patient, a 1-month-old infant evaluated only by barium 
enema, is included to emphasize that this abnormality can be found in children. Of 
the adult patients, three were women and one was a man. Two patients presented 
with an asymptomatic retrorectal mass incidentally found at physical exam, and 
the other two presented with rectal fullness or pain, accompanied by change in 
bowel habits. Barium enema showed an extrinsic retrorectal mass in each case. 

In all three cases imaged by CT, a well-defined homogeneous retrorectal mass 
appeared. Adjacent fat planes were preserved, and the mass smoothly indented 
the rectum. No sacral destruction or defect was seen. In two cases, the mass lay 


1310 


in the midline, and in the third case the mass lay to the right 
of the midline, displacing the rectum to the left. In one case, 
the mass exhibited a density similar to that seen in an adjacent 
ovarian cyst, and had an attenuation value of 22 H (Fig. 1). A 
second case also had a density near that of water, although 
an attenuation value was not calculated. In a third case, the 
mass had a density similar to that of adjacent solid pelvic 
organs and an attenuation of 39 H (Fig. 2). 

By sonography, one case showed a round retrorectal mass 
with a well-defined back wall but with low-level internal echoes 
and no obvious increase through transmission of sound. The 
second case had low-level internal echoes and minimal in- 
crease through transmission of sound, but no well-defined 
back wall (Fig. 3). 

In each case the appearance of a discrete well-defined 
mass with no evidence of invasion of contiguous structures 
was confirmed at surgery. The gross pathologic evaluation 
showed each mass to be composed of many small cysts 
containing keratinous or mucoid debris. In the case in which 
CT showed a homogeneous mass with a density near that of 
water, a single dominant cyst was found with the other smaller 
cysts identified only by microscopic examination of the wall. 
In all cases, microscopic examination showed the typical 
gastrointestinal epithelia that establishes the diagnosis of 
tailgut cyst. An inflammatory infiltrate was noted in the cyst 
wall in two cases. 


Discussion 


Tailgut cyst is a rare congenital lesion thought to arise from 
vestiges of the embryonic hindgut and found in the presacral 
(retrorectal) space. Microscopically, it contains a variety of 
epithelia but always some elements of intestinal epithelium. 
Squamous, simple, and stratified columnar cells (mucus-se- 
creting, ciliated, and goblet types) and transitional and cuboi- 


JOHNSON ET AL. 


AJR:147, December 1986 


dal cells may be encountered, often in combination. The lining 
is usually flattened and does not have a complex structure 
with villi and crypts, as seen in normal bowel. An incomplete 
muscle layer is often associated with the cyst wall [2, 3]. 

Grossly, tailgut cyst is a multiloculated cystic mass, usually 
adherent to sacrum or rectum. If uninfected, it is usually thin 
walled with a glistening lining and is filled with a mucoid 
material. Infection or inflammation may cause fibrosis of the 
cyst wall and breakdown of the cyst lining. Such changes are 
seen in about half of all cases. The entire mass usually 
measures several cm in diameter [2]. 

Early in development, the embryo possesses a true tail and 
the primitive hindgut extends into this tail caudal to the point 
of subsequent formation of the anus. The caudal extension 
is called the postanal gut or tailgut (Fig. 4). The tail and tailgut 
normally involute by the eighth week of embryonic develop- 
ment. If tailgut remnants persist, they may give rise to a tailgut 
cyst [S, 5]. 

Tailgut cyst is more common in women and usually pre- 
sents in middle age, but it can be detected at any age, 
including infancy. The lesion is usually detected as an asymp- 
tomatic mass during physical examination or at childbirth. 
Tailgut cyst may also come to medical attention when it 
becomes infected, at which time it may be misdiagnosed as 
a pilonidal cyst or anorectal fistula. A common history is that 
of recurring retrorectal abscesses or repeated surgical pro- 
cedures for anal fistulae [3]. Several cases of malignant 
degeneration have been documented in the literature; how- 
ever, this is a rare complication [2, 4]. 

CT examination shows a discrete well-marginated retrorec- 
tal mass with CT numbers varying from water to soft-tissue 
density (Figs. 1 and 2). The small cysts within the center of 
the tailgut cyst and the keratinous or inflammatory debris may 
account for the solid appearance seen in some cases and the 
Hounsfield numbers in the soft-tissue range. The presence of 





Fig. 1.—Well-defined hypodense pelvic mass 
(white arrows) suggestive of cyst. Incidentally 
noted right ovarian cyst (open arrow). 


Fig. 2.—Homogeneous retrorectal mass (ar- 
rows). Density of mass similar to that of solid 
pelvic organs such as uterus. 


Fig. 3.—Transverse pelvic sonogram. Com- 
plex retrorectal mass with minimal through trans- 
mission (curved arrows). Uterus (straight arrow). 
Right adnexa (open arrow). 
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Fig. 4.—Cross-section diagram of 6.5-mm human embryo. Postanal gut 
is most caudal part of hindgut, distal to future anus. (Modified from 
Whittaker and Pemberton [4].) 


a dominant cyst and little debris may cause a more cystic 
appearance, with attenuation similar to water. No calcification 
is detected within the mass, and none was seen microscopi- 
cally in our series. The rectum is displaced by the mass, and 
the adjacent wall of the rectum may be indented. There is no 
evidence of invasion or destruction of adjacent structures, 
and the adjacent fat planes are intact. If there is concurrent 
infection or malignant degeneration, CT may show loss of 
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discrete margins and involvement of contiguous structures. 
Sonography shows a complex mass not characteristic of a 
simple cyst. Low-level internal echoes were demonstrated in 
both of our studies with sonography (Fig. 3). A well-defined 
back wall and increased through transmission were not con- 
sistently demonstrated. The internal echoes of the tailgut cyst 
appear to result from the multicystic nature of the mass and 
the presence of keratinous material or inflammatory debris 
within the lumen. These features could also account for 
increased absorption of ultrasound within the cyst, thereby 
decreasing through transmission and causing the back wall 
to appear less distinct. Water enema may help to show the 
retrorectal location of tailgut cyst on sonogram. 

Other diagnoses that should be considered are teratoma, 
epidermal cyst, rectal duplication, anal gland cyst, neuro- 
blastoma, anterior meningocele, and chordoma. Meningocele 
and chordoma show evidence of sacral defect or invasion. 
Rectal duplication is often anterior to the rectum. Teratoma, 
chordoma, neuroblastoma, or mucinous adenocarcinoma may 
show Calcification on CT. Teratoma may have a fatty com- 
ponent. Epidermal or anal gland cyst commonly has an as- 
sociated cutaneous defect. 
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Technical Note 


Double Images in Plain Film Radiography: A Motion Artifact 


David Marinelli’ and Wallace T. Miller 


Movement of a patient during X-ray exposure causes blur- 
ring of the resulting image. How motion can lead to two or 
more discrete images is perhaps less apparent. We describe 
how a radiograph of an oscillating structure can cause an 
apparent double image. Failure to appreciate the origin of this 
artifact can lead to the erroneous conclusion that a double 
exposure has occurred, resulting in unnecessary reexamina- 
tion. 

Figure 1 is a detail of a lateral chest radiograph obtained 
with a phototimed exposure limited to 0.8 sec. The clip on 
the aorta marks the proximal anastomosis of a bypass graft. 
The tip of the pacemaker wire is in the right ventricle, and the 
aortic valve frame is in the root of the aorta. All three metal 
objects have indistinct margins due to motion. In addition, 
each object has produced two discrete images in the radi- 
ograph. Our hypothesis is that these objects are oscillating 
because of cardiac motion, that they are momentarily station- 
ary at both extremes of their excursion, and that the exposure 
is long enough to show them at both extremes. In a patient 
with a heart rate greater than 70 cycles/min, the average 
cycle lasts less than 0.86 sec. An exposure time of this 
magnitude would not be unusual when patient is large or 
when portable equipment is used. 

To test our hypothesis, we constructed a simple pendulum 
from an angiographic wire, using a hemostat as a weight. We 
adjusted the length to yield 70 cycles/min and obtained a 
radiograph with a 0.8-sec exposure time. No attempt was 
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Fig. 2.—Detail of a radiograph of a 
pendulum in motion shows discrete im- 
ages at extremes of excursion. 


Fig. 1.—Detail of lateral chest ra- 
diograph shows double images of a 
vascular clip, a pacemaker wire, and 
a prosthetic aortic valve. 


made to initiate the exposure during a particular phase of the 
pendulum’s swing. A detail of the radiograph is shown in 
Figure 2. Two discrete images of the wire and weight can be 
seen, with a blurred density in between. 

The motion of the pendulum can be represented by a sine 
wave in a time-displacement curve, as in Figure 3. When the 
pendulum passes through the midpoint of its swing, the 
velocity is maximum. At the extremes of excursion (repre- 
sented by points A and B in Fig. 3), the velocity is 0. A 
radiograph of an oscillating object will always give an image 
of the object at both extremes of excursion if the exposure 
time is greater than or equal to one cycle time. If the exposure 
is between 12 and 1 cycle time, the image will always include 
one of the stationary points and will sometimes include both 
stationary points, depending on the initiation of exposure. For 
example, an exposure from t, to te in Figure 3 will include 
both extremes of excursion, even though tz minus t, is less 
than the time necessary for a complete cycle. 

It follows from this discussion that a double image is more 
likely to be formed when exposure times are longer. We have 
observed the double-image artifact more often on portable 
and lateral radiographs and on radiographs of large patients. 
Radiographs obtained with shorter exposure times are more 
likely to show a single blurred image. 

Once the double-image artifact is recognized, it can easily 
be differentiated from a double exposure caused by equip- 
ment malfunction, and repeat examinations can be avoided. 
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Fig. 3.—Time-displacement curve of a pendulum in motion. 
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Communicating the 
Significance of Radiologic 
Test Results: 


The Likelihood Ratio 





The likelihood ratio is a useful but simple concept that heips the radiologist commu- 
nicate to the clinician the significance of radiologic findings. It is defined as the ratio of 
the probabilities of a particular test result among patients with and without disease. 
Readily derivable from sensitivity and specificity, the likelihood ratio represents the 
degree to which a test result is positive or negative and serves as a proportionality 
constant that relates the pre- and posttest odds of disease in a linear manner. The 
linearity of the relationship permits the impact of a test result to be easily understood 
and allows for the integration of additional test results. The concept of likelihood ratio 
is explained in straightforward algebraic terms, and its practical application to clinical 
radiology is demonstrated by using several specific medical examples. 


Although radiologists traditionally have been schooled in the recognition of 
pathognomonic findings, in the day-to-day practice of radiology few findings have 
enough predictive power to diagnose or exclude disease ‘with certainty. Most 
radiologic tests can produce a diverse spectrum of results that vary greatly in their 
degree of positivity or negativity. When the radiologic findings are not pathogno- 
monic or unequivocally normal, the radiologist often has difficulty communicating 
the significance of the test result, because the predictive value of such results 
depends not only on the characteristics of the test but also on the pretest probability 
of disease. Frequently, therefore, the radiologist’s report contains terms such as 
“consistent with” or “cannot exclude,” leaving the clinician relatively unenlightened 
as to the posttest probability of the disease in question. However, by using the 
concept of likelihood ratio (LR), a ratio of the probabilities of a given test result 
among patients who do and do not have the disease, the radiologist can precisely 
describe the degree of test positivity or negativity and the impact of the test result 
on the disease probability. Because the likelihood ratio and the pretest probability 
are independent, they can be combined to yield the posttest probability whenever 
the clinical information becomes available. 

The concept of likelinood ratio has previously been applied to ECG stress testing 
[1], a reporting method for pathologists [2], the interpretation of the ventilation/ 
perfusion (V/Q) scan in the diagnosis: of pulmonary embolism (PE) [3, 4], and 
determination of the diagnostic usefulness of excretory urography [5]. Despite 
these publications, we believe that the concept of LR is not widely understood and 
should be applied more extensively in the clinical practice of radiology, especially 
considering the growing impact of radiologic imaging on patient management. 
Therefore, we review the concepts of likelihood ratio and odds and show how LR 
relates pre- and posttest odds of disease in a simple linear fashion according to 
Bayes’ theorem. Using specific medical examples, we then demonstrate the appli- 
cation of LR to clinical radiology. 


Likelihood Ratio 
The likelihood ratio is the probability of a particular test result given disease 
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divided by the probability of the same test result given no 
disease. For a dichotomous test result, LR can be derived 
from the sensitivity (S, the probability of a positive result given 
disease) and specificity (Sp, the probability of a negative result 
given no disease) of the test. For a positive test result, 





S 
LR = 1 
and for a negative test result, 
ts 
LR = Sp (2) 


The LR varies in value from 0 to infinity, depending on the 
degree of positivity or negativity of the test result. A test 
result that is strongly positive has an LR much greater than 
1.0, one that is strongly negative has an LR close to 0, 
and one that is intermediate has an LR close to 1.0. Table 1 
lists likelihood ratios derived from reported sensitivities and 
specificities of some commonly performed radiologic tests 
[6-11]. 

Most radiologic tests have several possible test results for 
which the terms positive and negative do not properly apply. 
Instead, each of these particular results can be described in 
terms of its LR, which can be determined by dividing the 
conditional probabilities of the particular test result with and 
without disease [12, 13]. (Note: These conditional probabili- 
ties are not the same as sensitivity [the probability of a test 
result being at least as positive as a particular one given the 
disease] and one minus specificity [the probability of a test 
result being at least as positive as a particular one given no 
disease].) Alternatively, if these conditional probabilities are 
not available, the LR of each particular test result can be 
derived from the sensitivities and specificities defined by the 
criteria that bound the test result. Whereas the LRs of the 
most positive and negative test results can be calculated from 
equations 1 and 2, respectively, the LR of an intermediate 
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test result, bounded by criteria a and b, can be determined 
as follows: 


Sa — Sp 


LR = 
SPp — Spa 


(3) 


where Sa, Sp, Spa, and Sp, are the sensitivities and specifici- 
ties defined by the criteria a and b (see the appendix). 

For example, in the evaluation of lung cancer patients for 
possible mediastinal lymph-node metastasis, chest CT may 
reveal mediastinal lymph nodes of various sizes. Likelihood 
ratios for neoplastic involvement can be determined according 
to short-axis lymph-node diameters [14] (Table 2). 

The conditional probability of a lymph node measuring 
between 15 and 20 mm in diameter in a patient with medias- 
tinal involvement divided by the conditional probability of a 
lymph node measuring between 15 and 20 mm in a patient 
without mediastinal involvement is 3.3. In a similar ‘fashion, 
likelihood ratios for different size mediastinal lymph nodes 
can be determined. Notice that the LR can be calculated for 
each range of diameters between upper and lower cutoff 
points, while the terms sensitivity and specificity impose 
a “positivity” criterion placing all diameters into only one of 
two broad categories. (Actually, the test results in Table 1 are 


TABLE 2: Likelihood Ratios of Mediastinal Lymph Nodes in 
Lung Cancer Patients 





Short-Axis Diameter (mm) Likelihood Ratios? 


0-9 0.16 
10-14 0.23 
15-19 3.3 
20-29 13.3 
30-infinity infinity 


a Derived from sensitivities and specificities plotted on receiver-operating characteristics 
curve by Glazer et al. [14]: diameter greater than or equal to 10 mm, Sensitivity 0.95, 
specificity 0.30; diameter greater than or equal to 15 mm, sensitivity 0.80, specificity 0.94; 
diameter greater than or equat to 20 mm, sensitivity 0.70, specificity 0.97; diameter greater 
than or equal to 30 mm, sensitivity 0.30, specificity 1.0. 


TABLE 1: Likelihood Ratios of Commonly Performed Radiologic Tests 
ONIN SA fA ES A IE EC NSS EEE Sa IES EE ECA A DEA TT I LASERS EEE IS NEN TOE NG OL TI A EEE EEE EEEN A ET I A 


Radiologic Test Disease 
RBC Tc liver scinti- 
gram Hemangioma [6] 
Renal sonogram Gross hydronephrosis 


[7] 
Splenic injury [8] 
Acute cholecystitis [9] 


Abdominal CT scan 
Abdominal sonogram 


Mammogram Occult breast cancer 
[10] 
Chest radiograph Hilar metastasis [11] 
_ {known lung can- 
cer) 
Chest radiograph Mediastinal metas- 


tasis [11] (known 
lung cancer) 


Likelihood Ratio? 


Sensitivity Specificity positive Negative 
Resuit Result 
0.90 1.00 Infinity 0.10 
0.98 0.97 32.7 0.02 
0.95 0.96 23.8 0.05 
0.86 ` 0.90 8.6 0.16 
0.92 0.25 1.2 0.32 
0.53 0.85 3.5 0.55 
0.05 — 1.00 Infinity 0.95 





a Derived from the reported sensitivities and specificities. See text. 
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not dichotomous, but conditional probability data pertaining 
to all the possible results are not available.) 


Odds 


Odds and probabilities can be easily converted. The odds 
favoring the occurrence of an event are defined as the prob- 
ability of an event (P) divided by the probability of that event 
not occurring (1 — P). 





Odds = (4) 


P 
1-P 

For example, if the probability of lung cancer in a particular 
patient is 0.90, then the odds favoring the diagnosis is 0.90 
divided by 0.10, or 9:1. Similarly, the odds against the diag- 
nosis of lung cancer is 1:9. 


Bayes’ Theorem 


Bayes’ theorem relates the posttest probability of disease 
(P’) to the pretest probability (P), sensitivity (S), and specificity 
(Sp) of the test [15]. For a positive test result, 


PXS 


Y= Bx S+U—-P)x(— Sp) 


(9) 


and for a negative test resuit, 


P x (1.— S) 


P = xa- S)+0 -Px Sp 


(6) 
This familiar form of Bayes’ theorem can be reduced to a 


simple linear equation when LR is substituted for sensitivity 
and specificity, and probabilities are converted to odds. 


Posttest odds = pretest odds x LR (7) 


This. multiplicative form of Bayes’ theorem allows both the 
radiologist and clinician to easily understand the impact of a 
test result on disease probability. It is simpler to multiply 
pretest odds times LR than to calculate Equations 5 and 6. 
For example, consider a patient with lung cancer who has 
pretest odds of mediastinal involvement of 1:3. If a chest CT 
shows a mediastinal lymph node measuring between 15 and 
20 mm, then the posttest odds of mediastinal involvement 
is 1:3 x 3.3 (Table 2), or 1.1:1. With roughly even odds 
of mediastinal involvement, preoperative mediastinoscopy 
would be advised. 

Furthermore, the linearity provides for the easy integration 
of other test results. For two conditionally independent tests, 


Posttest odds = pretest odds x LR, x LRe (8) 


where LR, and LRe are the likelihood ratios of the two test 
results. 

In fact, for any number (n) of conditionally independent 
tests, posttest odds can be determined as a linear function 
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of the pretest odds and the LRs of the test performed [12]: 


Posttest odds 
= pretest odds X LR; xX LR2 X... LR, (9) 


Clinical Applications 


The following examples illustrate the usefulness of the LR 
in evaluating the significance of radiologic findings with (1) a 
negative test result, (2) a positive test result, (3) test results 
with various degrees of positivity, and (4) several test results. 
For simplicity, only one disease entity is considered in each 
example. When several tests are used, the results are as- 
sumed to be independent. 


Negative Test Result 


Clinical problem.—Patient A, a 50-year-old man with a 50- 
pack-year history of cigarette smoking, comes to his internist 
with an asymptomatic, 1.5-cm pulmonary nodule that was 
not present on a chest radiograph taken 2 years earlier. On 
the basis of the clinical features and chest radiograph, the 
internist estimates the probability of lung cancer before per- 
cutaneous needie biopsy to be 0.90 (pretest odds of 9:1). 
Patient B has a similar-appearing lung nodule but is 30 years 
old, has never smoked, and has no previous radiographs to 
determine the growth rate of the nodule. The clinician esti- 
mates the probability of lung cancer in patient B to be 0.02 
(pretest odds of 1:49). If a percutaneous needle biopsy were 
to be performed, what would be the significance of a negative 
result in these two patients? 

According to the criteria that a percutaneous needle biopsy 
is considered positive if the results show carcinoma and 
negative if they show otherwise, the sensitivity and specificity 
are 0.87 and 0.98, respectively [16]. 

Calculations. —For LR ‘of negative percutaneous needle 
biopsy, 


1.0 — 0.87 


098. 0.13 


LR(—) = 


For patient A (pretest odds = 9:1), 


Posttest odds = 0.13 x 9:1 = 1.17:1 
(Posttest probability = 0.54) 


For patient B (pretest odds = 1:49), 


Posttest odds = 0.13 x 1:49 = 1:377 
(Posttest probability = 0.003) 


Comment.—The posttest odds are easily assessed by 
multiplying the pretest odds and LR(--). Despite the negative 
findings on percutaneous needle biopsy, the odds of cancer 
in patient A remain greater than 1:1 (1.17:1) because of the 
high pretest odds. However, in patient B the negative findings 
virtually exclude carcinoma by reducing the odds to 1:377. 
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Positive Test Result 


Clinical problem.—-Patient A has had a partial colectomy 
for Dukes’ C adenocarcinoma and is being evaluated for 
occult liver metastasis with abdominal CT. Patient B, also 
undergoing CT, has had a sigmoid polypectomy for a pedun- 
culated adenomatous polyp with carcinoma in situ confined 
to the head. The probability of liver metastasis in patient A is 
about 0.29 (pretest odds = 1:2.4) [17]. The probability of 
metastasis in patient B is very low, less than 0.01 (pretest 
odds less than 1:99) [18]. The CT scan in both patients 
reveals a solitary low-density defect 2 cm in diameter in the 
right lobe of the liver. What are the odds that the CT findings 
represent a liver metastasis in these two patients? 

The sensitivity and specificity of CT in the evaluation of 
liver metastasis has been reported as 0.90 and 0.87, respec- 


tively [19]. 
Caiculations.—For LR of positive findings on CT, 
0.90 
a 


For patient A (pretest odds = 1:2.4), 
Posttest odds = 6.9 x 1:2.4 = 2.9:1 
(Posttest probability = 0.74) 


For patient B (pretest odds = 1:99), 
Posttest odds = 6.9 x 1:99 = 1:14 
(Posttest probability = 0.065) 


Comment.—The finding of a low-density defect on the 
abdominal CT scan is more likely to represent a liver metas- 
tasis than anything else in patient A (2.9:1). However, the 
same finding in patient B is more likely to be a false-positive 
result than an actual liver metastasis (less than 1:14). 


Degrees of Test Positivity 


The LR is especially useful in expressing the degree of 
positivity or negativity of a test result. Communicating the 
significance of a lung ventilation/perfusion (V/Q) scan pattern 
in the diagnosis of pulmonary embolism is a good example of 
this particular application. 

Clinical problem.—A 30-year-old woman comes to the 
emergency room with an estimated 0.33 probability of having 
pulmonary embolus (PE) (pretest odds = 1:2). If a lung V/Q 
scan were to be performed, what would be the significance 
of the various possible scan patterns? 

In a recent paper [20], conditional probabilities were deter- 
mined for four mutually exclusive categories of possible V/Q 
scan results. Pattern 4 was defined as a segmental or larger 
perfusion defect with normal chest radiograph; pattern 3, 
subsegmental defect with normal chest radiograph; pattern 
2, any perfusion defect with a corresponding chest radiograph 
abnormality; and pattern 1, normal V/Q scan. Conditional 
probabilities were reported as follows: P(pattern 4 | PE+) = 
0.80, P(pattern 4 | PE—) = 0.14; P(pattern 3 | PE+) = 0.16, 
P(pattern 3 | PE—) = 0.18; P(pattern 2|PE+) = 0.04, 
P(pattern 2 | PE—) = 0.10; P(pattern 1 | PE+) = 0, P(pattern 
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1 | PE—) = 0.58. The likelihood ratios of the various V/Q scan 
patterns can be calculated directly from the conditional prob- 
abilities. 

Cailculations.—LRs of V/Q scan patterns are 


0.80 
Pattern 4: LR, = oij 5.7 
0.16 
P ; = ———~ = 0. 
attern 3: LR, 018 0.89 
0.04 
Pattern 2: LR. = 0.410 = 0.40 
Pattern 1: LR; = A = 0 
= 058 


Therefore, posttest odds of pulmonary embolism are 
Pattern 4: Posttest odds = 5.7 x 1:2 = 2.8:1 


(Posttest probability = 0.74) 

Pattern 3: Posttest odds = 0.89 x 1:2 = 1:2.2 
(Posttest probability = 0.31) 

Pattern 2: Posttest = 0.40 x 1:2 = 1:5 
(Posttest probability = 0.16) 

Pattern 1: Posttest = 0 x 1:2 = 0 
(Posttest probability = 0) 


Comments.—With a normal (pattern 1) V/Q'scan, the post- 
test odds of PE are close to zero. Pattern 2 decreases the 
odds of PE by a factor of 0.40. If pattern 4 is obtained, the 
posttest odds of PE are high (2.8:1) because of the relatively 
high LR (5.7) of the V/Q scan result. However, because the 
LR of pattern 3 is close to unity (0.89), this test result has . 
very little impact on the odds of PE. In other words, this test 
result does not change the odds of PE from the original clinical 
estimate. The radiologist could simply describe the V/Q scan 
as having an LR of near unity, thus highlighting the importance 
of the clinical information. If it were revealed subsequently 
that the patient was at high risk for PE (because of taking 
oral contraceptives and smoking), then the posttest odds 
could be recalculated on the basis of a new, higher, pretest 
odds estimate of PE. Similarly, if the patient were reclassified 
as low risk, then the pre- and posttest odds could be suffi- 
ciently lowered to spare the patient additional workup for PE. 


Several Test Results 


Clinical Problem.—A 50-year-old woman who had a cho- 
lecystectomy for cholelithiasis 2 years ago comes to the 
emergency room. Her chief complaint is acute pain in the right 
upper quadrant. The working diagnosis to be excluded is 
recurrent gallstones causing obstruction of the common bile 
duct (probability = 0.50, pretest odds = 1:1). Sonography is 
performed first. If the sonographer sees a normal-sized com- 
mon. bile duct and no gallstones ..in the biliary tree, is chole- 
docholithiasis causing acute bile-duct obstruction completely 
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ruled out? What if a subsequent hepatobiliary scintiscan 
shows delayed excretion into the biliary tree or bowel? 

According to the criterion that a common bile duct greater 
than 6 mm is obstructed, the sensitivity and specificity of 
sonography are approximately 0.55 and 0.90, respectively 
[21]. If delayed excretion into the biliary tree or intestines is 
considered the criterion for positivity for the hepatobiliary 
scintigram, then the sensitivity and specificity of the scintigram 
are 0.80 and 0.95, respectively [22]. 

Calculations. —For negative findings on sonography (S—), 


1.0 — 0.55 
LRs. = 0.90 = 0.50 


For positive findings on hepatobiliary scintiscan (HBS+), 


0.80 


10-095 1°° 


LRiss+ = 


The posttest odds of obstruction for negative findings on 
sonography are 


Posttest odds = 0.50 x 1:1 = 1:2 
(Posttest probability = 0.33) 


and for negative findings on sonography and positive findings 
on hepatobiliary scintiscan, 


Posttest odds = 0.50 x 16.0 x 1:1 = 8:1 
(Posttest probability = 0.89) 


With such a low sensitivity, a negative finding on sonogra- 
phy would only halve the odds of acute biliary obstruction, 
LRs. = 0.50. Although less likely, acute biliary obstruction 
would not be decisively excluded. If sonography were to be 
followed by a hepatobiliary scintigram that showed delayed 
excretion into the biliary tree or intestines, then the odds 
favoring acute biliary obstruction would be high (8:1) because 
of the high LR of 16.0 of the positive scintigram. Confusion 
over which examination should be believed would be elimi- 
nated—the positive scintigram would greatly outweigh the 
negative sonogram. 


Discussion 


The application of the likelinood ratio to the interpretation 
of diagnostic tests is not new. Rifkin and Hood [1] assigned 
LR values to different degrees of ST depression on the ECG 
exercise stress test according to how these results increased 
the risk of coronary artery disease. For example, ST depres- 
sion in the range of 1.0-1.49 mm had a likelihood ratio of 
2.35, whereas depression in the range of 2.0-2.49 mm was 
associated with a much higher likelihood ratio of 21.33. These 
authors used the nonlinear form of Bayes’ theorem to calcu- 
late the posterior probability of coronary artery disease rather 
than the more convenient multiplicative form described in this 
paper. Similarly, McNeil [3] assigned likelinood ratios to dif- 
ferent ventilation-perfusion patterns in the diagnosis of pul- 
monary embolism. Schwartz et al. [2] proposed a change in 
the reporting method for pathologists that would permit better 
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integration of clinical data and pathologic findings than the 
conventional intuitive method does. Using their approach, the 
pathologist would estimate the relative likelinoods of observed 
biopsy findings in patients with each disease considered in 
the differential diagnosis of the clinician. These estimates, 
independently determined by the pathologist, would be mul- 
tiplied by the clinician’s estimates of the relative likelinood of 
each disease calculated before the biopsy to yield products 
that could be normalized into posttest probabilities. Because 
the analysis was applied to a differential diagnosis of diseases 
rather than to simply the presence or absence of one disease, 
the calculations of the posttest probabilities were more com- 
plicated than those in our examples. 

It is the role of the radiologist to communicate effectively 
to clinicians the significance of radiologic findings. it is not 
enough just to describe the findings and to assume that the 
Clinician knows their significance. A radiologist who reports 
the probability of disease based on a radiologic test result, 
however, must know not only the sensitivity and specificity 
of the test result but also the likelihood of disease before the 
test. For various reasons, the radiologist is frequently unable 
to accurately estimate the pretest probability. Indeed, this 
estimate often changes as the diagnostic.workup proceeds. 
The radiologist can, however, report the intrinsic significance 
of the radiologic findings as a likelihood ratio, a term that 
incorporates sensitivity and specificity in a way that allows 
easy integration with the pretest probability of the disease in 
question. 

Because LR is independent of pretest probability, the ra- 
diology report is valid over a large range of pretest probability 
values. in the past, when diagnostic testing was used primarily 
to confirm disease, the pretest probabilities often were high. 
Today, the pretest probability is frequently very small because 
advances in medical treatment, increasing availability of di- 
agnostic tests, and threat of litigation all lower the physician’s 
threshold for diagnostic testing. Abnormal test results, some- 
times incidental, are therefore often found in patients with low 
pretest probability. The use of LR also allows recalculation of 
the posttest odds, as discussed in our example of suspected 
pulmonary embolism, if the clinician’s perception of pretest 
probability changes. Furthermore, use of the likelihood ratio 
in the multiplicative form of Bayes’ theorem allows for the 
integration of additional, sometimes conflicting, test results. 
Any number of likelihood ratios can be integrated by simple 
multiplication to yield a single likelihood ratio for the combi- 
nation of test results, provided that the test results are 
independent [12]. 

Unfortunately, the subject of test independence is complex. 


- However, tests that rely on similar methods of detection 


generate results that are generally more dependent on one 
another than tests that operate on different principles. For 
example, detection of a mass in the middle of a lung by either 
a plain chest radiograph or CT scan is dependent on the 
same principles of size and density, so the results of these 
two tests are interdependent, and sequential application of 
Bayes’ theorem does not apply. Although independence of 
test results cannot necessarily be logically deduced, statistical 
methods are available to determine independence. . 
The likelihood ratio has other limitations. A major one is 
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that its practical application is limited by the same restrictions 
that govern the use of sensitivity and specificity. The disease 
must be regarded as either present or absent, and only one 
disease process can be considered at a time. The LR can be 
applied to differential diagnosis as demonstrated by Schwartz 
et al. [2], but the analysis becomes complicated and requires 
the input of conditional probabilities for which objective data 
are not always available. 


Conclusion 


The likelihood ratio is a simple concept that can help the 
radiologist communicate to the clinician the significance of a 
test result. Using the concept, the radiologist can precisely 
describe the degree of positivity or negativity of a test result 
in a quantitative form readily derived from sensitivity and 
specificity. Because the likelihood ratio can be used to relate 
pre- and posttest odds of disease linearly, it makes under- 
Standing a test result easy and allows for the integration of 
several, sometimes conflicting, test results. 
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Appendix 


Calculating Likelihood Ratios for Intermediate Test 
Results 


Let a and b be two different criteria for test positivity that divide 
the set of possible test results R into three mutually exclusive 
subsets, Ri, Re, and R3, where R, < a < Re < b s Ra, and P(R) = 
P(R,) + P(R2) + P(Ra) = 1.0. The likelihood ratio for result Re [LR(R2)] 
can be defined as follows: 


_ P(a s R <b|D+) 
ORRA) = Bae A < b/D-) wy 
Pia < R < b| D+) = P(R > a| D+) — P(R = b| D+) in) 


= Sa Sp 


where S, equalis the sensitivity of the test using criterion a and Sẹ, 
equals the sensitivity of the test using criterion b. 


Pia < R < b| D-) = AR > a| D—) — P(R > b] D-) 
= [1 — P(R < aj D-) 
- [1 - P(R < b| D~) (A3) 
= P(R < b| D-) — P(R < a| D~) 
= SPo ~ Spa 


where Sp, equals specificity of the test using criterion a, and Sp, 
equals the specificity of the test using criterion b. Substituting equa- 
tions A2 and A3 into equation A1 yields 


(A4) 
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Microcomputer-Based Graphics for Radiology 


George A. Taylor’ 


Personal computers, an increasingly familiar sight in radiol- 
ogy departments, are being used for a variety of tasks, 


including data management, word processing, scheduling, ) 
‘and quality control [1, 2]. Despite the proliferation of these 


machines and accompanying software, the potential of using 
personal computers to generate high-quality graphics for use 
as teaching tools, illustrations, or slide presentations has not 
been explored. This paper gives several examples of how 
anatomic drawings and charts may be created or modified by 
using a personal computer as a desktop typesetting tool. 


_ Materials and Methods 


My department currently has a Macintosh 512-K personal com- 
puter (Apple Corp., Cupertino, CA) that it uses for word processing, 
data management, and graphics preparation for some of the staff 
radiologists. In addition to the basic graphics and word processing 
programs supplied by Apple (MacPaint and MacWrite), other com- 
mercial software applications were used in the preparation of this 
manuscript (see Results). A dot matrix printer (Imagewriter) was used 
to generate hard copies. The images shown were created in 20 min 
or less. 


Results 
Anatomic Drawings 


Several ways of creating or manipulating images are avall- 
able. Original drawings require littie artistic talent and may be 
created by using a combination of circles, ovals, and straight 
lines provided by software (MacPaint) or drawn freehand by 
using a desktop cursor controller (mouse). Detailed or fine 
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artwork is possible by means of a magnified pixel map of the 
image (Fig. 1). Shading or background patterns can be se- 
lected from a group of preset options available from a “palette” 
menu on the screen. Titles or labels may be added as finishing 
touches by using a variety of typefaces (fonts) and type sizes 
accessible from a pulldown menu. Commercially produced 
anatomic drawings (MacAnatomy, MacMedic Publications, 
inc., Houston, TX) are also available for immediate use or for 
modification by the user by means of the: aforementioned 
techniques (Fig. 2). 

The second method of creating drawings involves the use 
of a digitizer. Several different types, which vary in price and 
sophistication, are available commercially. The apparatus de- 
scribed here (Thunderscan, Thunderware, Inc., Orinda, CA) 
consists of a relatively inexpensive ($175) optical density 
reader that converts reflected light intensities from analog to 
digital form and displays them on the computer monitor. The 
original artwork is placed on the printer roller, and the digitizer 
is mounted on the printer head (after removal of the ribbon 
cartridge). The digitizer then reads the image line by line and 
creates an electronic pixel map of the original. With Thunder- 
scan, anatomic drawings of excellent quality that are available 
in printed form [3] may be copied and manipulated according 
to the needs of the user. Once the image is stored in memory, 
the whole image or parts of it may be recopied and modified 
(Fig. 3). Finally, different techniques can be combined to 
produce a particular effect or drawing. 


Charts and Typesetting 


Complex data relationships often can be more easily under- 
stood when presented in graphic form. Many data-base, 
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Statistical, and charting programs are available that offer 
graphic capabilities for data display. However, few allow 
complete customization of the graph. This may be accom- 
plished by copying the chart from its original data base or 
Statistical application to a graphics program that permits the 





Fig. 1.—Example of original drawing made by using computer-gener- 
ated curved lines, background patterns, and freehand drawing with a 
desktop cursor controller. 
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Fig. 2.—Example of anatomic drawings available commercially in dis- 
kette form. (Reprinted with permission from MacMedic Publications, 1985.) 
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creation of composite graphs, use of different fonts, and 
accurate centering of text on the page (Fig. 4). 


Discussion 


Personal computer-based graphics can be used in a variety 
of applications as shown. This capability could be useful to 
smaller radiology departments or to those with limited access 
to medical illustrators for preparation of manuscripts, lectures, 
or teaching conferences. The main advantage of computer- 
generated graphics is the ability to create rapidly customized, 
high-quality images and text that can be modified easily, and 
stored for future use. Computerized drawings made by means 
of this system have been well accepted and have been used 
in recent publications [4, 5] and national presentations [6]. 
Several other graphics and image-manipulation software 
packages are available for the Macintosh that permit more 
complex tasks such as rotation, distortion, magnification, and 
overlaying of images. Detailed description of these applica- 
tions is beyond the scope of this paper and can be found in 
most popular personal computer publications such as 
MacWorld and Byte. 

The current configuration of the IBM (International Business 
Machines, Boca Raton, FL) personal computer will produce 
bar and line graphs and pie charts in color but will not produce 
more complex images such as anatomic drawings. However, 
Macintosh and IBM personal computers can be linked through 
network communications software that enables both ma- 
chines to share text and numeric data files. Thus, raw numeric 
data can be sent from the IBM personal computer to the 
Macintosh and converted into graph or chart form, which in 
turn could be further modified by using the more powerful 
graphics applications available for the Macintosh. 

A limitation of the system presented is the relatively low 
resolution of most dot matrix printers, which may cause an 
image to look unacceptably coarse. This can be overcome by 
making a relatively large original drawing on the computer. 


Fig. 3.—A, Original image copied from a printed illustration by using a 
digitizer. (Reprinted with permission from Diane Abeloff.) 

B, Once A was stored in memory, a second working copy was made 
and modified by erasing unnecessary structures and adding the desired 
labeling. 
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Fig. 4.—-A simple regression line between two variables generated by 
a statistical data-base program and copied to a graphics program. Labels 
were customized to the author’s needs. 


Photographic minification then can smooth many of the minor 
irregularities present on the printout. Use of a laser printer 
can make a significant difference in resolution attained (300 
dots/in. compared with 80 dots/in. for standard dot matrix 
printer). However, the prohibitive cost of laser printers 
($3000-6000) make them impractical for all but large depart- 
ments. 
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The total cost for this system, including software, was 
$2500. Although purchase of a personal computer for the 
sole purpose of producing graphics is not cost-effective, the 
utilization of its graphics potential in addition to already estab- 
lished data-management and word-processing capabilities 
can be both time saving and cost-effective. 
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Technological Volatility and the Aging Radiologist 


Alan J. Davidson' 


Experience gives birth to expertise, perspective, and judg- 
ment. These qualities, in turn, may be expected to attract the 
young to the fount of their elders for guidance and wisdom. 
That, at least, is the usual expectation of the aging profes- 
sional. But is radiology the exception? Has the technological 
volatility of recent years deprived the graying radiologist of 
the 1980s of this reward? Probably yes, and in more ways 
than one. 

In just 13 years’ time, three new technologies—sonogra- 
phy, CT, and MR—and their modifications have wrought 
fundamental changes in the nature of radiologic science and 
practice. Table 1 highlights the milestones of this period. 

Landmark developments have been made at such a rapid 
pace that before one technique could become established 
another had come into use. The focus has been and continues 
to be on the new: new physical principles to learn; new 
technological skills to acquire; a new technique to exploit 
clinically; and, moving out, an entire new generation of gifted 
young radiologists who are already much closer to the cutting 
edge of these techniques than most of their elders can ever 
hope to be. How many have these changes affected and in 
what way? Has the white water of this turbulent stream 
eroded the foundation stones on which our discipline rests? 

Demographic data available from the American Medical 
Association [1] and the American College of Radiology [2] 
provide estimates of the number of current American radiol- 
ogists and the year they first entered practice. Relating this 
information to the year the various new procedures were 
added to training programs makes it possible to estimate the 
percentage of current American radiologists who were not 
trained in new techniques as part of their primary residency 
education (Table 2). ` 
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it is difficult to gauge precisely all of the ramifications of 
rapid technological change. Certainly many—perhaps most— 
radiologists have kept abreast of these developments, as 
surely they must. Our ample educational resources—-heavily 
attended refresher courses and national meetings, fine jour- 
nals, and vigorous book publishing enterprises-——support this 
trend. Clearly, though, the focus of radiologic education as 
well as everyday radiologic practice has shifted away from 
the fundamentals of yesteryear. Technological tours de force 
now dominate our teaching institutions as well as the average 
radiologic department in American hospitals. Not unrelated, 
these landmark events have coincided with the beginning of 
a fundamental restructuring of the social and economic con- 
text in which medicine is practiced. Faced with the threat of 
technological obsolescence and the turmoil of our changing 
health-care system, the temptation must be great for many 
of today’s radiologists to retire early. Indeed, reducing the 
number of practitioners would in one sense help the widely 
acknowledged impending oversupply of radiologists. 


TABLE 1: Milestones in the Development of Radiologic 
Technology, 1978-1984 





Sonography 

1973—Bistable 

1978—-Gray scale 

1980—Real time 
CT 

1973—Head 

1975—Body 

1978—High resolution, fast scan 
MR 

1984—-Investigational device 
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TABLE 2: Estimates of Percentage of Radiologists Without 
Primary Training in Sonography, CT, and MR 





Percentage of Current 


a 
New Technology be Seles United States Radiologists 
Without Primary Training 
Sonography 
Bistable 1976 62 
Gray scale 1981 83° 
CT ‘ 
Head/body 1978 71 
MR 1986 >99 





* Threshold year is based on the assumption that the average training program in the 
United States introduced a new technology into its curriculum within 2 years of its initial 
commercial availability and that a training period of at least 1 year ensued before a resident 
first entered practice fully trained in a new technique. 


-e 


lf this be so, the implications could be serious. Valuable as 
the new technologies are, they do have their negative aspects. 
They produce redundant information because they overlap. 
They carry the potential for fiscal and clinical excesses as 
well as the potential for fiscal and clinical efficiency. And in 
many respects, they have divided and compartmentalized the 
discipline of radiology and thereby laid the groundwork for 
possible disintegration. Not surprisingly, and quite naturally, 
the advances and the fragmentation are most notable in 
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academic health centers, which provide the formative envi- 
ronment for new generations of radiologists. And beyond 
radiology itself, primary care, wellness, clinical efficiency, and 
fiscal conservatism are emerging as the imperatives of a new 
health-care philosophy. The fact of the matter is that radiolo- 
gists will soon be held in higher esteem for doing less, rather 
than more, to solve a clinical problem. 

Radiologists must increasingly assume the critical and sub- 
tle role of guiding and counseling their clinical colleagues in 
the application of the total radiologic discipline to a patient’s 
welfare. It is in this very area that younger radiologists are 
least prepared, by virtue of both the nature of technique- 
oriented contemporary training programs and a simple lack 
of experience. Judgment, perspective, and clinical under- 
standing are the requisite values for the maturation of tech- 
nically skilled young radiologists and for the preservation of 
the integrity and credibility of our discipline. Now, more than 
ever, the experienced radiologist is needed to contribute these 
qualities and to help steady the course into the future. 
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Perspective 





The American Board of Radiology to Consider Added 
Qualifications 


Lee F. Rogers’ 


Subspecialization is thought by some to be the inevitable 
consequence of increasing medical knowledge that has 
led to the significant advances in modern medicine. Others 
view it as alarming evidence of the fragmentation of medicine 
and contrary to the best interests of patient care. Despite this 
difference of opinion, increasing numbers of physicians seek 
fellowship training and become subspecialized. Nearly half of 
all recent graduates of diagnostic radiology residency-training 
programs have gone on to take 1 or more additional years of 
training. Few decry the presence of such programs or belittle 
the advantages of such training. Indeed, the skill and com- 
petence of those so trained is readily acknowledged and 
eagerly employed. Nevertheless, few prospects in diagnostic 
radiology are more controversial than the formal recognition 
of subspecialization. 

Opponents of subspecialty recognition state that it would 
lead to fragmentation of the specialty, dilute the value of the 
general board certificate, create issues of turf among radiol- 
ogists, and disenfranchise the generalist. Some claim subspe- 
cialization would subject the generalist to greater risk for 
malpractice claims, although a recent review revealed no case 
of malpractice brought for lack of subspecialty expertise or 
training. It is said that more radiologists would be required, 
which would increase the cost of care. It is also said that the 
general radiologists would be subjected to exploitation by 
clinician specialists regarding interpretation of certain exami- 
nations. For instance, were recognition of subspecialty ex- 
pertise to be granted in neuroradiology, the neurologist might 
claim that there were two classes of radiologists, recognized 


neuroradiologist and general radiologist. In the absence of a 
certified neuroradiologist, the neurologists might argue they 
have more knowledge of neurologic disease than the general 
radiologist, and are therefore more qualified to interpret and 
perform neurologic imaging procedures than the general ra- 
diologist. 

These arguments are countered by proponents of certifi- 
cation who maintain that subspecialty certification has im- 
proved and advanced internal medicine, pediatrics, and pa- 
thology, and that the subspecialty-trained radiologist is more 
knowledgeable and thus more aware of the imaging needs of 
their clinical counterparts. Proponents believe subspecialty 
recognition would be valuable in issues of turf between the 
radiologists and clinicians. Such expertise in radiology would 
defuse the movement by clinicians to perform their own 
imaging studies. Cardiologists have already captured cardiac 
angiography and are making inroads in nuclear cardiology. 
Internal medicine specialists are poised to control MR spec- 
troscopy. There is an ongoing dispute with obstetricians over 
the performance of obstetric sonography and most outpatient 
orthopedic radiology is now performed in orthopedists’ of- 
fices. Some claim that subspecialization already exists in 
radiology, informally by those who limit their practice to some 
degree, particularly in academic centers and large group 
practices, and formally by recognition of special competence 
in nuclear medicine and by the long-standing division into 
diagnostic and therapeutic radiology. Certainly most scientific 
articles in radiologic journals and presentations at national 
radiologic meetings and symposia are the work of subspe- 
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cialists. Furthermore, certain subspecialty areas in radiology 
meet the requirements outlined by the American Board of 
Medical Specialists (ABMS) and are deserving of recognition. 

Another specter has been raised: Suppose radiology de- 
cided not to offer subspecialty recognition of any type in any 
area. Would other primary boards argue that general radiol- 
ogists are inadequately trained to meet their imaging require- 
ments and that they must establish certification in imaging 
within their own specialties to meet their special needs (e.g., 
cardiology, in cardiac imaging; neurology, in neurologic im- 
aging; obstetrics and gynecology in obstetric and gynecologic 
imaging; and emergency medicine in emergency medicine 
imaging)? l 

The pressure for credentialing of subspecialties exists 
in many specialties. During the 1940s, subspecialty certifica- 
tion was issued in only seven areas, by 1970 this had doubled, 
and by 1980 quadrupled to a totai of 28. The 23 primary 
boards now issue 34 different subspecialty certificates, 
among them 11 in internal medicine, nine in pathology, eight 
in pediatrics, and four in obstetrics and gynecology. In the 
years between 1975 and 1984, the primary boards certified 
164,289 general specialists and, surprisingly, 30,418 subspe- 
cialists: roughly one subspecialist for every five specialists. 

The ABMS, the governing body of the 23 primary medical 
specialty boards, has long been concerned with the effects 
of subspecialization, particularly its impact on both the cost 
and accessibility of medical care. A policy statement issued 
by the ABMS [1] declares, “There is no requirement nor 
necessity for a diplomat in a recognized specialty to hold 
special certification in a subspecialty of that field in order to 
be considered qualified to include aspects of that subspecialty 
within a specialty practice. Under no circumstances should a 
diplomat be considered unqualified to practice within an area 
of subspecialty solely because of lack of subspecialty certifi- 
cation . .. Such special certification ... has not been created 
to justify a differential fee schedule or to confer other profes- 
sional advantages over other diplomats not so certified.” One 
of the principal problems is the perception that many who 
have received fellowship training are either reluctant or refuse 
to practice in the primary field in areas beyond their subspe- 
cialty interests. 

Until recently the ABMS allowed only two types of certifi- 
cation, first, general certification, conferred on diplomats 
meeting the requirements of a primary board (e.g., pediatrics); 
and second, special qualifications limited to a specified portion 
of the primary field (e.g., nephrology in pediatrics). Upon 
successful completion of an examination in the first type, the 
physician is awarded a general certificate: certified in pediat- 
rics. In the second, the certificate covers only the subspe- 
cialty: certified in pediatric nephrology. Because subspecialty 
certification could be acquired without the requirement of full 
training and credentials in the primary specialty, serious ques- 
tions were raised. The ABMS recognized that subspecialty 
certification granted without prior certification in the general 
field of the specialty is conducive to the limitation of practice 
to that specific field. 

In light of these concerns and after considerable delibera- 
tion, the ABMS announced, in its annual report of 1985, a 
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third type of certification, termed Added Qualifications, as a 
means of correcting this problem. Added Qualifications con- 
stitutes a modification of an approved general certificate to 
reflect (1) additional training of at least 1 year beyond that 
required for the primary board and (2) satisfactory completion 
of an additional examination. The certificate would reflect this 
difference: certified in pediatrics with Added Qualifications in 
pediatric nephrology. The training program must be associ- 
ated with an accredited residency and, of importance to 
radiology, incorporate a specific identifiable body of knowl- 
edge that may include, but not be limited to, isolated technical 
skills. The distinction between subspecialty certification and 
added qualifications is more than semantic. An individual 
granted Added Qualifications must first be certified by the 
parent board and thereby qualified in the general specialty. 

Added Qualifications cannot be established simply by ac- 
tion of a primary board. Before a primary board may establish 
any new type of certification, it is required to obtain prior 
approval of two-thirds of the member boards of the ABMS. 
such a proposal must be announced to all member organi- 
zations at least 1 year before the proposal is submitted for a 
vote. Extensive documentation is required, including evidence 
of the professional and scientific status of this special field as 
acknowledged by the existence of a group of physicians 
concentrating their practice in this field, the number and 
geographic distribution of such physicians, their annual rate 
of increase, the existence of national societies dedicated to 
this field, number and location of medical-schoo! and hospital 
departments devoted to the field, number and names of 
institutions providing training programs, number of positions 
available, number of trainees completing training programs 
annually, and the duration and curriculum of existing pro- 
grams. In addition, a written statement indicating concurrence 
or specific grounds for objection is required from each primary 
board having expressed interest in certifying in the same field. 
A minimum of 4 or 5 years would be required to assemble 
the documents and receive approval from the ABMS before 
any examination could be initiated and the first certificates 
with Added Qualifications could be granted. 

Fellowships are now treated differently from residencies. 
The credentialing of residency training, which is a two- 
prong process, includes accreditation of residency-training 
programs by the Residency Review Committee and certifi- 
cation of graduates of such programs by the appropriate 
specialty board. It might seem logical to assume that a similar 
process would be required for fellowship training. However, 
to date, most subspecialty certification has been accom- 
plished without review of training programs. Despite the 
American Board of Internal Medicine’s long history of subspe- 
cialty certification, fellowship-training program review has 
been under consideration only in the past year. 

Approximately 40 to 60% of recent graduates of diagnostic 
radiology residency-training programs have taken 1 or more 
additional years of fellowship training. Most programs are 
educational, but others, regrettably, are exploitative or at best 
marginal. At present there is no way of evaluating the body 
of knowledge taught, the skills learned, or the quality of the 
experience offered, except by the reputation of the institution 
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and the preceptor under whom the training is received. We 
therefore allow claims of competence without knowing the 
nature of the training experience or confirming competence 
by passage of an examination. 

Some radiologists believe that programmatic review and 
accreditation is warranted to assure both the profession and 
the public that programs meet minimum standards. Program- 
matic accreditation is also viewed as an intermediate and less 
divisive step in subspecialty recognition than the granting of 
certificates to the graduates of such programs. 

Over the past several years, various subspecialists within 
orthopedics have sought subspecialty certification from the 
American Board of Orthopedic Surgery, which is similar to 
our experience with neuroradiology and pediatric radiology. 
To prevent fragmentation and maintain unity, orthopedists 
have sought and obtained approval from the Accreditation 
Council of Graduate Medical Education (ACGME) for the 
Orthopedic Residency Review Committee to review and ap- 
prove fellowship training programs without requiring subspe- 
cialty certification by the American Board of Orthopedic Sur- 
gery. This required an agreed-upon definition of subspecialties 
within orthopedic surgery. This would pose a problem in 
diagnostic radiology. While it is possible to define certain 
subspecialties (e.g., nuclear radiology, pediatric radiology, and 
neuroradiology), others are not so easily defined (e.g., abdom- 
inal imaging, angiography and interventional imaging, and the 
various combinations of CT, sonography, and MR). 

Because of concerns regarding quality of training, the So- 
ciety of Pediatric Radiology is considering a request of the 
Radiology Residency Review Committee (RRC) to review 
fellowship-training programs in pediatric radiology. The Amer- 
ican Society of Neuroradiology is considering a similar request 
of the RRC and has engaged in discussions with represent- 
atives of the American Board of Radiology (ABR) to encour- 
age the establishment of Added Qualifications in Neurora- 
diology. The Society of Pediatric Radiology does not intend 
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to petition the ABR for certification with Added Qualifications 
in Pediatric Radiology at this time. 

Recognizing the profound implications for radiology and in 
light of the establishment of the new type of certification by 
the ABMS, the ABR, at its January 1986 meeting, approved 
a motion to inform all national radiologic organizations of its 
intent to carefully consider the question of Added Qualifica- 
tions at its January 1987 meeting. Comment has been solic- 
ited and welcomed from ail organizations and interested 
individuals. It was to be a major topic at this year’s Summit 
meeting and was discussed in an open forum at the annual 
meeting of the Radiological Society of North America. 

The actions, if any, of the ABR cannot be predicted. It is 
important to recognize that the ABR intends only to consider 
these issues: there is no mandate to decide or take final 
action at that time. 

Should the ABR offer Added Qualifications or encourage 
the Residency Review Committee to establish a mechanism 
for the accreditation of fellowship programs? Should it do 
both? Or should it maintain the status quo? Are fellowships 
analogous to residencies? Since we require the credentialing 
of residency-training programs, why don’t we do the same 
with fellowships? The issues are not simply parochial interests 
of subspecialists, such as pediatric radiologists and neurora- 
diologists, but of the more encompassing concerns, “What 
should be the shape of radiology in the future? What is best 
for the people we serve? How do we prosper? And more to 
the point, how do we best survive? What is best for all of 
radiology?” This is the context in which the question of Added 
Qualifications will be considered. 
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Localized Tissue MR Spectroscopy 


Alexander R. Margulis' and Thomas L. James? 


Proton MR imaging has in a very short time become a 
clinically useful and, for some disease conditions, an indispen- 
sable diagnostic technique. It owes its advantages over other 


Clinically useful diagnostic tests to the numerous physical 


parameters within the imaged tissue that determine the quality 
of the MR signal. These parameters (proton density, T1, T2, 
diffusion constants, chemical shift, bulk proton motion, and 
magnetic susceptibility) permit selection of appropriate pulse 
sequences, thereby emphasizing the distinction between 
types of tissue as well as between normal and abnormal 
tissues. Such differentiation is further enhanced by the ability 
of MR to provide images directly in multiple planes. The speed 
and spatial resolution of MR imaging are continually being 
improved, providing images that now display findings unob- 
tainable even a short time ago. Yet these advancements, 
while providing improvements in sensitivity of detection of 
abnormalities in many areas, have failed to meet the expec- 
tations of marked improvement in specificity. 

Tumors and chronic inflammatory disease are often indis- 
tinguishable from each other on MR images. In most cases, 
the capability to detect an abnormality has failed to be 
matched by a capability to give information about the nature 
of the abnormality. Use of paramagnetic contrast media has 
improved the method’s sensitivity only in detecting disease. 

MR spectroscopy in vivo has started to provide valuable 
data about numerous metabolic processes. "P spectra have 
been studied most commonly, but valuable in vivo information 
has also been obtained from ‘SC, 'F, Na, and H spectra. 
Compared with MR imaging, MR spectroscopy requires 
higher magnetic field strength, and much better magnetic field 
uniformity is needed in order to obtain good separation be- 
tween peaks in the spectrum and to reduce noise. Until 
recently, however, high-field-strength magnets had very small 


bores, which limited in vivo studies to small animals and upper 
limbs of humans. With advancing magnet technology, spurred 
on by increasing clinical demand for imaging, 1.5- and 2.0-T, 
1-m bore magnets are becoming fairly common, and 4.7-T, 
33-cm bore magnets, which can produce spectra from tissue 
of experimental animals as well as images, are now being 
introduced into research laboratories. 

While spectra obtained by means of the higher field instru- 
ments are generally superior to those from 2-T imaging spec- 
trometers, the spectra obtained from the lower field imaging 
spectrometers are definitely of high quality [1-6]. These spec- 
tra are usually tissue specific, and the techniques for localizing 
the MR spectroscopic signal are rapidly improving. Localizing 
the site of origin of the spectra is extremely important. Much 
effort is going into the solution of this problem, and recent 
successful methods have already been described for use in 
humans [1-6]. 

Present work in many laboratories is most encouraging in 
attempting to impart to the high sensitivity of MR imaging the 
greater specificity of localized tissue MR spectroscopy. Spec- 
troscopic studies, primarily with animals, have already shown 
an ability to elucidate interesting facets of normal physiology 
[7-9] and pathophysiology [8-11]. For example, abnormal 
metabolic features of myocardial and cerebral infarcts have 
been examined, as have tumor growth and response to 
radiotherapeutic and chemotherapeutic intervention. The use 
of various substances as tracers in normal and abnormal 
animals opens a whole range of metabolic tracer MR spectro- 
scopic studies. 

With the addition of spectroscopic consoles to 1.5-T, clini- 
cal, 1-m-bore imaging machines, studies on human subjects 
are being undertaken. MR spectroscopy will not have the 
same spatial resolution as MR imaging. MR imaging can 
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produce useful images with a voxel size of 1 mm? or less, but 
MR spectroscopy requires a voxel size of at least 1 cm? to 
produce diagnostic spectra. 

MR spectroscopy promises to become a clinical reality as 
research in animals progresses. The strategy is (1) to localize 
and differentiate various atomic nuclei within specific tissue 
in the animal model, usually on high-field magnets (4.7 T or 
higher), then (2) to transfer the techniques to MR imager- 
spectrometers having 1-m bores with 1.5 or 2.0 T. MR images 
can then be used to identify in animals and humans the locus 
of interest for spectroscopic in vivo studies of normal and 
abnormal tissue and of metabolic processes. Clinical work 
will proceed on the basis of the experience obtained. 

A few areas of MR spectroscopic research appear espe- 
cially promising for clinical application. MR spectroscopic 
diagnosis of myopathy has been demonstrated [8, 9]. MR 
spectroscopy has shown potential [10] to aid in follow-up 
assessment of response of tumors to therapy and in choice 
of appropriate treatment. On the basis of kidney studies in 
rats, pigs, dogs, and humans [12], MR spectroscopy also 
appears to be predictive of renal transplant viability and may 
prove useful in monitoring the state of the transplanted kid- 
neys. MR spectroscopic detection of testis dysfunction also 
appears to have potential on the basis of recent animal work 
[13]. The noninvasive monitoring of metabolic processes in 
selected areas of the human body is technically demanding; 
but recent developments have shown the feasibility of such 
noninvasive monitoring by MR spectroscopy. Many groups of 
investigators are currently developing and examining the clin- 
ical applications of this elegant approach. 
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Densitometric Screening for Osteoporosis: A 
Radiologist’s Perspective 


Two recent articles in the internal medicine literature have sharply 
criticized the potential role of noninvasive densitometric techniques 
in screening for osteoporosis [1, 2]. Using an epidemiologic approach, 
Cummings and Black [1] have concluded that screening is warranted 
because of the serious consequences of hip fracture, but that it may 
not be. justified to, identify individuals. at risk for vertebral and distal 
radial fractures, which have relatively minor clinical sequelae. They 
also contend that screening is indicated only if the results would 
influence the decision regarding long-term preventive therapy. In 
addition, emphasis is placed on the imprecision of existing densito- 
metric technology and on the limited predictive value for fracture 
afforded by these methods at sites other than the spine. 

In a discussion of similar concepts, Ott [2] concluded that adver- 
tisements recommending osteoporosis screening for women be- 
tween the ages of 45 and 70 years are misleading. She also alluded 
to the great financial profit that can be made by performing densito- 
metric studies on a large number of patients. 

While these criticisms have merit, both articles failed to consider 
several important aspects of the osteoporosis problem. Densitometric 
screening of women has significant merit even if its only consequence 
is an increasing awareness of the disease on the part of the general 
public. The tragic fact that most American women are calcium- 
deficient and/or have lifestyle habits that are detrimental to skeletal 
integrity indicates that our health-care system has not placed suffi- 
cient emphasis on preventive medicine, particularly for younger 
women. Current evidence indicates that osteoporosis is a disease 
that should be attacked in adolescence, with strategies including 
educational programs in schools aimed at encouraging optimal dietary 
and exercise regimens. Nevertheless, the ability of a woman at any 
age to have a simple, noninvasive, and safe test that can tell her the 
status of her bones as compared with age-matched peers can, in our 
experience, contribute greatly to the adoption of an appropriate 
lifestyle. ) 

Another important concept not addressed by the articles under 
discussion involves the therapeutic approach to osteoporosis. Cum- 
mings and Black hint that the risk-benefit ratio for low-dose estrogen 
replacement may be low enough to warrant its indiscriminate use in 
all perimenopausal women, which would obviate densitometric 
screening. However, they fail to indicate that other potential thera- 
peutic options are currently being explored at many research institu- 
tions, including our own. It is entirely possible that fluoride, calcitonin, 
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vitamin D, and other yet-to-be discovered agents, alone or in combi- 
nation, may be viable alternatives to estrogen replacement in certain 
individuals. Both articles argue that newer densitometric techniques 
with improved clinical reproducibility and/or the capability for meas- 
uring bone quality and geometric structure must be developed before 
osteoporosis screening can be justified, but the authors fail to rec- 
ognize that the optimal means for treating the disease is aiso not 
currently available. The ability to successfully monitor the disease 
and its response to specific therapeutic regimens has been demon- 
strated in a large number of studies [3-6], despite the fact that the 
long-term precision of existing densitometric measurements may not 
be perfect. 

it is our belief that Cummings and Black have inappropriately de- 
emphasized the potential impact that a fracture of the spine or distal 
radius may have on the patient. Both are associated with pain and 
disability, albeit transient [7, 8], and no patient would choose the 
“dowager's hump” deformity (resulting from multiple vertebral frac- 
tures) if it could be avoided by early detection and treatment of the 
underlying disease. Thus, although screening for increased risk of 
fracture at these sites may not be justified from an epidemiologic 
standpoint, it most certainly is from a personal perspective. The 
authors may be interested to know that our institution was able to 
purchase its single- and dual-photon absorptiometers through the 
generosity of a 92-year-old woman with severe osteoporosis, whose 
lifestyle had been limited by disabling deformities. 

Finally, both articles are critical of the cost and potential profit 
motive involved in noninvasive densitometric techniques. As pointed 
out by Cummings and Black, the number of clinics offering bone- 
mass determinations (chiefly by single-photon absorptiometry of the. 
distal radius, which is less reliably predictive of mineral status at axial 
sites of osteoporotic fracture than direct measurement) is projected 
to increase from approximately 25 in 1984 to over 500 by the end of 
this year. Unfortunately, the inevitable nas indeed happened in a 
capitalistic nation; money is being made from osteoporosis by a 
variety of businesses, including private entrepreneurs. Calcium sup- 
plement tablets, dairy council advertisements, calcium in breakfast 
cereals and soft drinks, antacids marketed for the skeleton as op- 
posed to the stomach, and such densitometric clinics are a reflection 
of this tragic fact. As radiologists and nuclear medicine physicians, it 
is our duty to maintain the costs of bone-density measurements as 
low as possible. Medicine should never be a business, and it is our 
conviction that every woman has a right to know truthfully the risk 
of fracture at important sites. The criticisms of our internal medicine 
colleagues need not be justified. Our advocation of densitometric 
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screening for osteoporosis should stem from one or more of the 
concepts outlined above rather than a profit motive. 

David J. Sartoris 

UCSD Medical Center 

San Diego, CA 92103 

Donald Resnick 

Veterans Admininstration Medical Center 

San Diego, CA 92161 
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Dynamic Upper Airway Narrowing in Patients with 
Obstructive Sleep Apnea 


In a recent study Ell et al. [1] employed cine CT scans to show the 
dynamic upper airway narrowing in four patients with obstructive 
sleep apnea. The authors concluded that cine CT is a rapid, simple, 
and noninvasive method for screening patients with suspected sleep 
apnea, and is by far more sensitive than other diagnostic-imaging 
methods of the upper airways. 

We wish to point out several problems that may compromise the 
use of this technique as a screening test in patients with obstructive 
- sleep apnea. First, the cine CT data were acquired during one 
respiratory cycle; despite the authors’ assertion that this is a dynamic 
technique, they presented no data describing the variation in upper 
airway cross-sectional area with lung volume. Single measurement 
of pharyngeal cross-sectional area at functional residual capacity may 
not be sufficient to differentiate normal subjects from patients with 
obstructive sleep apnea, since nonapneic snorers also have reduced 
cross-sectional area at functional residual capacity. However, the 
amount of reduction in cross-sectional area between functional resid- 
ual capacity and residual volume ({i.e., lung volume dependence of 
pharyngeal area [2, 3]) permits differentiation among the three 
groups: nonapneic snorers, nonapneic nonsnorers, and patients with 
obstructive sleep apnea. These subtle differences in dynamic pharyn- 
geal cross-sectional area further emphasize the necessity for select- 
ing a proper control group when reporting pharyngeal cross-sectional 
area. 

Second, the cine CT technique appears to be incapable of providing 
another important characteristic that differentiates patients with sleep 
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apnea from nonapneic controls~namely pharyngeal compliance, 
which ts increased in these patients [4, 5], even in the presence of 
normal cross-sectional area at functional residual capacity. Thus, it is 
surprising that the authors found no change in extrathoracic upper 
airway cross-sectional area with the Mueller maneuver. 

The third point concerns the fact that all four patients studied by 
Ell et al. had gross anatomic abnormalities of their upper airways 
during breathing. Most patients with obstructive sleep apnea have 
no obvious anatomic deformities of their upper airways and from the 
data presented by the authors it is not clear whether the sensitivity 
and reproducibility of the cine CT technique would permit detection 
of subtle changes in pharyngeal geometry in such cases. 

Age and gender are also known to influence pharyngeal area [6, 
7] and its lung volume dependence; therefore these factors should 
also be considered when reporting pharyngeal cross-sectional areas. 

Our comments are not intended to criticize the authors’ effort to 
develop an objective and dyrtamic method of imaging upper airways. 
Rather, they are intended to reemphasize the difficulties with studying 
upper airway geometry under dynamic conditions and the need for 
further appropriately designed studies to validate the usefulness of 
new techniques. Presently, the cine CT technique has some obvious 
drawbacks: it exposes the subject to considerable radiation; it does 
not permit a truly dynamic (i.e., breath-by-breath) imaging of the 
upper airways; and it requires considerable financial resources. We 
wish, therefore, to point out a new method [8] that is currently being 
explored in our laboratory. It employs sound waves to infer the cross- 
sectional area of the upper airways at least up to and perhaps a few 
centimeters past the carina. This method is noninvasive, simple, 
reproducible, inexpensive, and permits the measurements of upper 
airway cross-sectional area in the supine position as frequently as 5 
times/sec. So far, this technique has been applied to only a few 
human studies, but it appears to have a considerable potential as a 
dynamic imaging technique for the upper airways, particularly in 
patients with suspected obstructive sleep apnea. 

I. Rubinstein 

N. Zamel 

V. Hoffstein 

Toronto General, Mt. Sinai, and St. Michael’s Hospitals 
University of Toronto 

Toronto, Ontario, Canada MSB 1W8 
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Reply 


The letter from Dr. Hoffstein and associates raises several ques- 
tions that merit response. The complexities of upper airway caliber 
in various physiologic situations have been well documented. That 
does not exclude the possibility that obstructive sleep apnea patients 
will differ from normal subjects when imaged in a way hitherto 
impossible. We stressed in our article that the work presented 
represented early experience with a new technique and was not 
highly structured and tightly controlled scientific research. We would 
anticipate considerable refinement both in technique and diagnostic 
criteria as experience accumulates. Stanford et al. [1] have continued 
this study, refining the diagnostic criteria and finding a greater varia- 
tion among normal subjects, as one would expect, but still with 
excellent results in diagnosing obstructive sleep apnea. Despite the 
complexities of this condition, cine CT has so far remained reliable in 
diagnosis. 

The query regarding the lack of significant airway change during 

Mueller maneuver and lack of definite measurement of compliance is 
justified. The resuits we obtained are correct, but the Mueller maneu- 
ver was modified. We instructed patients and controls to exert only 
the effort necessary to take a normal breath. We were aware of the 
Griscom paper and thought that a gentler Mueller maneuver might 
reveal airways susceptible to collapse at mild negative pressures. We 
regret that this was not made clear in the text. At the same time, 
however, we believed that this modified maneuver might be an 
indirect indicator of pharyngeal compliance, as borne out by our 
resuits. 
„~he radiation dose is low relative to other imaging techniques. The 
acoustic reflection technique recommended by Dr. Hoffstein is not an 
imaging technique, but a system of inferring cross-sectional areas. 
While the patients we studied had gross abnormalities, as we pointed 
out, they were obvious, indeed detectible radiographically, only on 
cine CT (except for one). Thus, at least in terms of radiographic 
techniques we were justified in claiming a high sensitivity. Which 
tests will ultimately prove optimal in diagnosing obstructive sleep 
apnea remain to be determined. 

The Imatron:C-100 Cine CT scanner is expensive. Since this is a 
very quick exam, it need not be prohibitively expensive. It seems 
unlikely that anyone would purchase a Cine CT unit solely to study 
airways, and since most hospitals have CT scanners (the Imatron 
also can do routine studies), the financial question is of dubious 
relevance. 

The criticism of our claims relative to this technique relates to at 
least three areas. We do feel the cine CT technique is the most 
sensitive noninvasive imaging technique available. Conventional CT 
and fluoroscopy have disadvantages we have discussed. Again, 
acoustic reflection is not an imaging technique. Second, cine CT does 
have dynamic capability. Acoustic reflection can sample airway area 
5 times/sec but cine CT can do so 16 times/sec. The technique we 
used samples over a longer time, but that was our choice, not a 
limitation of the scanner. We stated that 5 sec of scanning were 
always sufficient to image one respiratory cycle. That does not, 
however, mean that that is all we ever studied. Perusal of our 
illustrations would show that most of our subjects breathed twice. 
Third, questions of reproducibility and control group choice were 
raised. We are unsure of the importance of the first point. If a patient 


` shows an abnormality we consider indicative of obstructive sleep 


apnea, are we to reexamine him several times (more radiation) to 
determine if that abnormality is always present? The control group 
was problematic. We described it and recognized variations in upper 
airway size and compliance with age and other factors. Nonetheless, 
we used criteria of abnormality that were extreme, so that we 
purposefully rendered our test Jess sensitive than if we had simply 
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taken as abnormal that not seen in our control group. Obviously, 
further refinement is needed (and indeed has come) in this area. 

Overall, we do not feel inclined to retract anything we said. The 

fact that a phenomenon is complex does not necessarily mean that 

it cannot be diagnosed or strongly suspected from a simple test. The 

appropriate and expedient means to diagnose obstructive sleep 

apnea remain unclear. We did not make such a claim for cine CT. We 

regret that the language of our paper lent itself to such misinterpre- 

tation. Any lack of clarity is a fault. 

S. R. Ell 

K. Jolles 

J. R. Galvin 

University of Chicago 

Chicago, iL 60637 
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CT Evaluation of Soft-Tissue Hemorrhage 


In the June 1986 issue of AJA, Illescas et al. [1] described the CT 
evaluation of soft-tissue hemorrhage, suggesting a specific “sign” of 
contiguity of the high-density soft-tissue mass with the inguinal 
vessels. 

The authors stated that “surgery is performed if there is evidence 
of continued bleeding.” They point out that the size of the hematoma 
can be precisely measured. Presumably then, serial CT studies would 
be required, with enlarging dimensions suggesting continual hemor- 
rhage in these cases in which clinical evidence for continued extra- 
vasation is often absent. 

Reversal of anticoagulation or surgical intervention are steps that 
should be taken only when there is definitive evidence for continued 
extravasation. Changes in dimension(s) of a soft-tissue hematoma 
may erroneously. suggest continued extravasation when only a 
change in configuration is manifest because of partial resorption or 
influx of extravascular fluid. 

| have used a simple, essentially noninvasive and potentially port- 
able scintigraphic technique for assessing “activity” of hemorrhage 
into soft-tissue spaces [2]. Several techniques are now commerciaily 
available for labeling autologous RBC with "Tc. The technique 
involves the administration of IV °"Tc-labeled RBC with subsequent 
imaging over the area of interest in multiple planar views or tomo- 
graphic planes (single-photon emission CT, or SPECT is now widely 
available). 

Dynamic imaging with computer acquisition will frequently dem- 
onstrate active bleeding within minutes of °°"Tc-RBC administration. 
When initial imaging for 30 to 90 min is negative, repeat scintigraphy 
is performed at 4 to 6 hr, providing an accurate method of docu- 
menting continued slow or intermittent extravasation in that changes 
in both physical dimensions as well as decay-corrected count density 
can be quantitated. Occasionally, delayed imaging up to 24 hr may 
be necessary to confirm continued bleeding. 

High-risk patients can be given an injection at the conclusion of 
angiography. Iliac vesseis are readily identified on both planar and 
SPECT-imaging studies of °°"Tc-labeled RBC distribution. The °°" Tc- 
labeled RBC technique might be performed in conjunction with the 
postangiographic CT study to confirm active bleeding if the specificity 
for the “sign” reported by Illescas et al. is validated in larger series. 

Stephen R. Bunker 
Children’s Hospital of San Francisco 
San Francisco, CA 94118 
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Reply 


We appreciate the opportunity to respond to the comments of Dr. 
Bunker. We agree that soft-tissue hemorrhage and confirmation of 
continued bleeding may be difficult to assess and has significant 
clinical implications. in the proper clinical setting when retroperitoneal 
hemorrhage is suspected, the role of CT is to confirm the presence 
of hemorrhage, determine its size, location, and extent within the 
retroperitoneal compartments, and when possible, identify the cause 
of hemorrhage. CT is the best imaging technique to assess these 
parameters, although it cannot assess the “activity” of hemorrhage 
as does scintigraphy. 

A single CT examination cannot be used to determine the persist- 
ence of bleeding. However, in our experience, clinical and laboratory 
parameters are usually present when there is continued hemorrhage, 
and imaging techniques only serve to confirm this clinical suspicion. 
Of the three patients taken to surgery in our series, the preoperative 
Clinical evaluation regarding persistence of bleeding was correct in all 
three. In the patient described by Dr. Bunker, clinical parameters 
indicated the presence of ongoing bleeding, which was subsequently 
confirmed by scintigraphy. 

After confirmation of the presence of a hematoma by CT, the 
described scintigraphic technique may be used to confirm active 
bleeding when clinical evidence of such is equivocal. How often this 
occurs requires further study, and until then this scintigraphic tech- 
nique in conjunction with CT may be helpful in selected difficult cases. 

- Fernando F. Illescas 
McGill University 

Montreal, Quebec 

Canada H3G 144 


Avascular Necrosis of the Hip 


In the July 1986 issue of AJR, Mitchell et al. [1] reported a 
comparison of MR, CT, and scintigraphy as imaging techniques for 
the diagnosis of avascular necrosis (AVN) of the hip. Their results 
confirm the earlier conclusions of Easton et al. [2], as well as their 
own preliminary reports [3, 4]. 

it should be noted, however, that current radionuclide (RN) bone 
scanning techniques are no longer limited to planar and pinhole- 
imaging routines. Recent preliminary data suggest that the increased 
contrast resolution of single-photon emission CT (SPECT) provides 
improved sensitivity over standard RN techniques applied to the hip 
{5J. In addition, SPECT images can be formatted into transaxial, 
coronal, and parasagittal planes, which allow for more precise com- 
parisons with both CT and MR. 

- Our own initial experience in cases studied prospectively by both 
MR and SPECT has shown virtually 100% correlation in both early 
and late AVN, as well as in normal hips. In the cost-conscious 
environment of current health care, the economics of the various 
imaging techniques must also be considered. Since SPECT remains 
the least expensive of the three (San Francisco Bay Area total charges 
for MR is $800, CT $420, and SPECT $340), initial screening for AVN 
with this technique may be preferable, with MR evaluation reserved 
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for evaluation of the extent of disease when SPECT is positive or for 

those cases when strong clinical evidence for hip disease exists 

despite negative screening with SPECT. It would seem that larger 

prospective series comparing MR and SPECT will be required before 

definitive conclusions about the proper diagnostic algorithm can be 
made. | 

Stephen R. Bunker 

Hirsch Handmaker 

Children’s Hospital of San Francisco 

San Francisco, CA 94118 
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Reply 


We thank Doctors Bunker and Handmaker for bringing this new 
technique to our attention. We hope they will pursue their evaluation 
of SPECT and publish quantitative data on its efficacy and a com- 
parison of it with MR. 

Meanwhile, a recent presentation to the American Orthopedic 
Association gave preliminary evidence that MR is more sensitive than 
SPECT in the diagnosis of early AVN [1]. It should be remembered 
that SPECT is in its clinical infancy. Cost-benefit analysis will be 
appropriate only when the efficacy of SPECT is ascertained. 

Matthew D. Mitchell 

Harold L. Kunde! 

Marvin E. Steinberg 

Herbert Y. Kresse! 

Abass Alavi 

Leon Axel 

University of Pennsylvania Medical School 
Philadelphia, PA 19104 
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The Mammography Report 


The editorial by Dr. Homer, “The Mammography Report”, published 
in the March 1984 issue of the AJR [1] is in such conflict with my 
belief, which is that such reports should reflect only the radiologist’s 
diagnostic opinion rather than any management recommendations, 
that | wish to respond. 

Dr. Homer states, “The clinician is interested in only three things: 
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(1) is there an abnormal or suspicious area on the mammogram? (2) 
lf so, must a biopsy be done immediately? (3) If not, what follow-up 
is needed”? | suggest that many clinicians are only interested in the 
first of these questions. I believe that surgeons should be given the 
same consideration that Dr. Homer would give to a clinician treating 
pneumonia who, according to Dr. Homer, “usually is aware of the 
appropriate type of follow-up required.” 

Do not all situations demand complete knowledge of the clinical 
setting for optimal decision making, a circumstance usually not avail- 
able to the radiologist? | believe that all decisions must be made on 
clinical grounds, which by definition include history, physical exami- 
nation, laboratory and imaging tests, and even social and economic 
considerations. 

| submit that Dr. Homer is dealing with an unusual segment of the 
medical community that needs so much guidance. When a radiologist 
and a clinician need to confer, much can be done by direct or 
telephone communication without creating a medical-legal problem 
as a result of unsolicited radiologic recommendations. 

Robert T. Schorr 
San Diego, CA 92120 
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Reply 


| believe that the X-ray requisition is not an order form but rather 
is a request for a radiographic consultation. | have elaborated upon 
this premise elsewhere [1]. Management recommendations are an 
appropriate component of a consultation. If Dr. Schorr disagrees with 
this premise, as his remarks indicate, then he is not taking full 
advantage of the expertise of his colleagues in radiology. He may 
only be interested in whether there is an abnormality or suspicious 
area on the mammogram, but | hope his is a minority opinion among 
surgeons. My clinical colleagues realize that the knowledgeable ra- 
diologist can often provide help in the best management of their 
patients. Work-up and management of an area of five microcalcifica- 
tions, an asymmetric density, or a sharply marginated mass are 
different, and excisional biopsy is not the only option. if Dr. Schorr 
expects mammographic reports to read either normal or abnormal, 
then he does not understand the complexities of the examination. 

| have no basis upon which | can judge Dr. Schorr’s acumen, but 
| would be curious to know how his surgical training has prepared 
him to manage nonpaipable breast abnormalities. What is the surgical 
standard for follow-up of the nonpalpable sharply marginated 6-mm 
breast mass? What is the traditional surgical teaching regarding the 
reliability of differentiating benign from malignant microcalcifications? 
What do the textbooks of breast surgery say about the management 
of the nonpalpable asymmetric density? | suspect that his surgical 
training was similar to others and these problems did not exist, 
because until recently mammography was never performed routinely 
on asymptomatic women. If Dr. Schorr has been basing management 
of his patients on anecdotal experience, then he has bypassed 
valuable input from the radiologist, who should be well versed i in the 
current mammographic literature. 

While it is true that social and economic situations may weigh into 
management decisions, | remain steadfast in stating that there is 
absolutely no clinical correlation for the nonpalpable mammographic 
abnormality in the healthy asymptomatic woman. The responsibility 
of the radiologist in this situation should be quite obvious since he 
alone has raised the possibility of a breast abnormality, and it seems 
quite logical to me that input from the radiologist should be sought in 
determining management recommendations for radiographic abnor- 
malities. 
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| am fortunate to be part of a dedicated team of physicians who 
devote much of their time to the diagnosis and treatment of women 
with all forms of breast disease. | do not function in a vacuum, and 
the structure of my report fulfills the needs of my referring clinicians 
in helping them to determine the most appropriate course of action 
for radiographic findings they cannot palpate. 
| am a firm believer in constant communication between the refer- 
ring clinician and the radiology consultant. However, in my experience, 
especially when a patient is mismanaged, the substance of the 
telephone conversation is often difficult to recall at a later date. The 
mammography report is the only documentation that the radiologist 
has regarding his consultation. | truly hope that Dr. Schorr will 
recognize the indispensable help that he can receive from radiologists 
experienced in mammographic interpretation. If a clinician never 
seeks advice from his consultant, then | cannot imagine how he can 
provide optimal and cost-effective care to his patients. 
Marc J. Homer 
Tufts-New England Medical Center 
Boston, MA 02111 
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What Really Happens in Imaging Centers: Issues of 
Finance and Control 


No subject in the radiologic community stirs up more emotional 
conflict than the legal, ethical, and financial issues in the development 
of free-standing outpatient-imaging centers. In a recent issue of this 
journal, Baum, Zeman, and Eliott debated the ethical nature of 
imaging-center capitalization, in particular nonradiologist, referring- 
physician investorship [1, 2]. Some thoughts and experiences of 
imaging-center radiologists are in order. 

The economic resource most commonly available to the radiologist 
for acquiring high-technology devices (the hospital) is no longer as 
willing or able to go along with massive expenditures, especially 
considering the present prospective payment reimbursement 
schemes (put into place by Medicare). The introduction of MR into 
clinical practice has exacerbated this problem. The need for capital 
and the demand for service has produced a new type of venture, 
which is a pooling of resources from radiologists, nonradiologist 
referring physicians, venture capitalists, and/or a hospital. Clearly, 
some, but not all, of the impetus for developing outpatient imaging 
centers is the profit motive. 

Some people assume that the monetary participation of nonradiol- 
ogist referring physicians in the imaging-center capital pool is uneth- 
ical and undesirable because such arrangements constitute an eco- 
nomic incentive to refer their own patients to the imaging center, with 
potential for abuse, and because control of imaging services shifts 
from the radiologist to the referring physician. A well-constructed and 
realistic prospectus of a typical imaging center partnership usually 
describes a return on investment that is insignificant in relationship 
to a referring physician's total earned income. The minimal tax 
advantages (e.q., depreciation) may make the physician a slightly 
more willing investor and reduce some financial risk. However, this 
benefit is not related to the direct and ongoing referral of patients. 
The physicians who invested in our center are responsible for a small 
fraction of the total business that is performed. For this reason, it is 
hard to sell limited partnership interests in imaging centers to skeptical 
physicians when the focus is on finances aione. 

Physician investorship is a result of several factors. Many physi- 
cians are unhappy with the efficiency, level of service, and cost 
structure of imaging that is provided in the hospital. They see many 
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hospitals as being monolithic, manipulative, and cumbersomely slow 
in the ability to respond to their practice needs. The opportunity to 
invest in a radiology center provides them with a fairly quick and 
direct way of procuring services without being involved in the politics 
and encumbrances of hospital administration. Physician investment 
in radiology may be a greater demonstration of frustration with 
respect to the hospital and the changing economic forces of medicine 
than it is a function of personal greed. Our experience would support 
the statements of Zeman and Elliott that referring physicians are 
more interested in providing high-quality, prompt and cost-efficient 
care for their patients than in the minimal return that they might 
receive from sending those patients to an imaging center in which 
they are invested. Undoubtedly, some physicians will attempt to 
exploit the imaging-center concept for excessive personal gain. The 
practices and investment opportunities created by this minority can 
be easily spotted and avoided by legitimate practitioners when armed 
with the appropriate facts about imaging-center operation. 

Venture capitalists are becoming more involved in the financing of 
outpatient radiology centers. However, the involvement of a corpo- 
ration in the imaging-center “joint venture” may be welcomed by all 
parties. The referring physician—-investment group, the radiologist, 
and hospital (if investors) may seek to reduce their financial liability 
with additional capital. The physician and hospital groups may also 
want help with the problems of outpatient-imaging administration. 
Often, the independent corporate entity will function as “facilitator” of 
this complex venture in which the parties have had a history of 
conflict, turmoil, and/or nonperformance in previous business ar- 
rangements. 

in his article, Baum stated that the hospital (corporately.owned or 
not) should be the major financial partner in radiology imaging centers 
since they are “committed to high levels of care” and have produced 
relationships that have worked in the past. However, none of us is 
convinced of this altruistic assessment. The hospital is also a corpo- 
rate business that has its own problem with the diverse environment 
that it administers. Outpatient radiology centers are large and com- 
plex businesses that demand greater administrative specialization 
and attention. In the background, the Federal Government, large and 
impersonal conglomerates, insurance companies, and HMOs loom 
as our financial partners. 

We believe, unequivocally, that the quality of care and level of 
radiologic practice in an outpatient imaging center is controlled by 
the radiologists. In a limited-partnership structure, by definition, the 
investor has no say in the operation of the center nor any voice in its 
management. Other organizational arrangements may be different. 
However, radiologists would do weil not to enter into those kinds of 
structures. The investing physician exerts no more control than the 
noninvesting physician. His (her) demands on a radiology practice are 
similar to those in a hospital setting. The independent corporate 
business partner is prohibited by law from interfering in the practice 
of medicine (California Statute). The possible pressures that could be 
brought to bear on the radiologist to streamline practice procedures 
and become more efficient are really no different from those that are 
instituted currently in the hospital environment. Corporate investor 
and management companies realize that the success of the center is 
largely dependent on the creation of strong relationships between 
referring doctors and radiologists, which in a competitive environment 
means supporting a quality practice. Conflict in matters of business 
or professional practice between radiologists and corporate partners 
is detrimental to this goal and everyone works to diminish or resolve 
it. Adequate safeguards are usually provided against encroachment 
on medical practices. However, it is the radiologist’s responsibility to 
demand and get controi of those portions of practice in which no 
other individual or group should meddle. 
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Perhaps the controversy among radiologists surrounding issues in 
outpatient imaging is really borne out of fear. Many radiologists (by 
virtue of their exclusive hospital contract and unofficial territorial 
boundaries) are unaccustomed to and afraid of the potential for 
competition that the establishment of outpatient investor-owned im- 
aging centers implies, especially if they are uninitiated and insecure 
about independent practice in a rapidly changing environment. Im- 
aging centers do not threaten traditional radiologic practice. HMOs, 
insurance companies, and government agencies do. It is early enough 
in the imaging-center phenomenon to establish rules that are fair and 
efficient. Radiologists must grasp this opportunity to mold the rules 
and create an environment that is to our liking. Clearly this means 
forging bold new relationships and new business strategies in the 
provision of radiologic care. 

Keith R. Burnett 

Joel B. Levine 

Long Beach Medical imaging Clinic 
Long Beach, CA 90804 
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Free-Standing Imaging Centers 


This letter is to provide support for the argument by Baum against 
nonradiologic physician investment in imaging centers [1]. Although 
data are scarce, there has beenat least one*substantial investigation 
of the influence of ownership on the frequency of use of diagnostic 
radiologic studies [2]. The survey by Childs and Hunter of 7300 
patients found that nonradiologists with a financial interest in provid- 
ing their own radiologic services obtained studies twice as frequently 
as physicians referring patients to radiologists. The data supported a 
conclusion that physicians having an economic interest in radiologic 
equipment are encouraged to obtain more radiologic studies on their 
patients than physicians without a similar economic interest. 

In our locality, a large health maintenance organization found that, 
in randomly referring patients to specialists in the community, one 
particular group owning a CT scanner incurred far greater costs. On 
further analysis, it was appreciated that they obtained more than nine 
times as many CT scans as similar specialists who did not own a CT 
scanner. There is no question in my mind that economic interest in 
an imaging center encourages physicians to order more studies that 
are either unnecessary or marginally indicated. | know of no study 
showing that physicians with such an interest order fewer studies. 

Diagnostic imaging is one of the fastest growing components of 
medical costs and is under increasing regulatory pressure from 
providers. Hospital-based radiologists in particular are being sub- 
jected to these efforts in the form of DRGs, regulated fee schedules, 
and limited approval of equipment installations. In view of this, radi- 
ologists should point out to all parties that much of the increase in 
cost of diagnostic imaging procedures is taking place in a setting of 
self-referral. The most obvious solution to this problem would be the 
refusal of providers to pay for examinations that are self-referred. 
Unless steps are taken by radiologists to encourage the elimination 
of self-referral, cost-containment efforts in diagnostic testing will in 
large measure continue to be directed at radiologists, particularly 
hospital-based radiologists, who are the individuals least involved in 
these abuses. 

l David W. Gelfand 
Bowman Gray School of Medicine 
_. Winston-Salem, NC 27103 
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Reply 


It is naive for advocates of free-standing medical imaging centers 
to believe that venture capital or corporate business entities are not 
concerned about maximizing profits. By definition, a commercial 
venture is concerned about making money whether it involves the 
operation of a hot dog stand or an imaging center. 

Burnett and Levine’s argument that “free-standing outpatient im- 
aging centers save money in this environment of cost containment” 
is simply not true. As Gelfand points out, physician self-referral has 
always resulted in marked increase in use of radiologic procedures 
when compared with physicians without a similar economic interest. 

The fact that free-standing outpatient-imaging centers stir so many 
emotions and ethical questions is an indication that most of us realize 
that these entities represent an intrusion of business and commer- 
cialism into the practice of radiology. The corporate mentality that 
goes directly to the bottom line threatens the moral and ethical 
foundation of our profession. — . l 

As radiologists, we have traditionally been rewarded with profes- 
sional fees for the rendering of a professional consultation. We have 
not benefited financially because we have invested in the facility. It 
has been customary practice to have referring physicians send us 
patients because they value our professional-opinion- The unsavory 
practice of having a referring physician own a financial piece of an 
imaging center raises many ethical issues and any argument that 
tries to justify “innocent” self-referral is simply rationalization. This 
type of self-referral has been judged unethical by our professional 
organizations as well as by state legislation that prohibits physicians 
from referring patients to any facility in which the referring physician 
has a financial interest. 

The proliferation of outpatient imaging centers poses many other 
problems as well. What accommodations have been made in these 
business ventures for the care of the indigent? In our region of the 
country the only patients studied at these imaging centers are those 
having either insurance coverage or the ability to pay directly out of 
pocket. If this trend continues, there will almost certainly be an erosion 
of the hospital-based departments of Radiology as the percentage of 
indigent care increases and the so-called “financial cream” is skimmed 
from the top by the imaging center. 

A great deal of the so-called inefficiency of hospital-based radiology 
practice is due to housestaff training. Where would these efficient 
physician businessmen receive their radiologic training? Certainly not 
in a free-standing imaging center. in my opinion, the removal of high- 
technology facilities from hospital practice will spell disaster for the 
future training of radiologists. We have an obligation to leave our 
successors a profession that is at least as exciting as the one we 
have inherited. If there are problems in the way hospital practices 
relate to patients’ needs, let us try to improve our mode of practice 
and procedures and not try to take down the entire house. 

Stanley Baum 
University of Pennsylvania 
Philadelphia, PA 19104 


More on Free-Standing Imaging Centers 


In their defense of free-standing imaging centers, Zeman and Elliott 
delude themselves if they really believe that referring physicians invest 
in such enterprises not for financial gain, but rather because “unfair 
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charges, lack of available services, and inaccurate or slow reporting 
of findings” occur in already existing hospitals or office radiologic 
facilities. | have never seen a prospéctus for such a venture that lists 
these reasons to entice doctor-investors. What is emphasized in a 
prospectus is the potential for a high “return on investment.” These 
enterprises are indeed profit-driven; goals such as preferred treat- 
ment and better service for patients, if present at all, are secondary. 

As one who has been involved in a free-standing CT facility owned 
exclusively by radiologists [1] and a free-standing MR facility owned 
partly by nonradiologic physicians [2], | can state that there is one, 
and only one, purpose in enlisting the participation of physician- 
owners: the hope that a referring physician, because of a financial 
interest in an imaging center in which a return on investment varies 
directly with the volume of business conducted in that center, will 
refer patients to the center who ordinarily would be referred else- 
where. 

Radiologists who are contemplating formation of a free-standing 
imaging center owned by nonradiologic physicians should consider 
the following three potential drawbacks before proceeding. (1) Peri- 
odic financial reports of the operation, which contain the income of 
the radiologist, must be distributed to every owner. As radiologists 
in private practice know, some of our nonradiologic physician col- 
leagues are envious of the radiologist even when they don’t know 
his exact income. Knowledge of the exact income could well magnify 
those feelings. Some situations could create conflicts among the 
doctors. If the enterprise runs at a loss, the physician-owners will 
lose money, while the radiologist will be collecting his professional 
fees. If the business operates at a break-even level, the investor 
makes nothing, but the radiologist still earns his fees. If the center 
runs well in the black, the physician-investor will earn a small or 
moderate return on his investment, but the professional fees of the 
radiologist would probably rise markedly. Any of these scenarios 
could cause antagonism toward the radiologist by the physician- 
investors and adversely affect referrals. (2) Physicians who are not 
investors may be alienated. Referring physicians who choose not to 
be investors in the center might be competitors of physicians who 
are investors. This spirit of competition, along with perhaps local 
medical politics, could lead noninvestor physicians to boycott the 
imaging center to prevent their competitors from making a profit from 
their patients. The radiologist would then be an innocent victim, in 
the middie of such a dispute. The noninvesting physicians could 
become so angry with the radiologist because he set up such a 
venture that they would extend the boycott to the. radiologist’s 
hospital practice as well. (3) A physician-investor might take the 
position that since he’s an owner, the technologists and the radiolo- 
gist work for him. This could lead, at the least, to interference with 
the radiologists ability to manage the facility; at worst, it could create 
considerable unpleasantness by placing the radiologist in a subser- 
vient position relative to his investor-doctor-owners. 

As to moral and ethical considerations, | equate a radiologist’s 
participation in a free-standing imaging center with his carrying a 
radar detector in his automobile. Both are theoretically immoral and 
unethical—the former because the purpose is to entice the referring 
physician to refer patients on the basis of financial reward rather than 
quality of the radiologic facility, the latter because the purpose is to 
entice the driver of the auto to speed when he knows there is no law 
enforcement officer in the vicinity. Notwithstanding the potential for 
abuse, most of us might indulge in the use of radar detectors because 
we feel they are practical and not immoral or unethical to the degree 
that strains our consciences. In the same vein, | believe that if 
radiologists think that they must organize or participate in a free- 
standing imaging center partially owned by physician-investors, as a 
defensive measure and in order to maintain their own professional 
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viability and financial position by “locking in” their referring physicians 

before they are attracted to another venture by some other entrepre- 

neur, then they should by all means go ahead and do it. At the same 

time, however, let us not delude ourselves into believing that such 

business endeavors are altruistic, highly moral, or without downside 
risks; for they, like radar detectors, are not. 

Leonard Berlin 

Skokie Valley Hospital 

Skokie, IL 60076; and 

University of Illinois College of Medicine, 

Chicago, iL 60637 
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Free-Standing Imaging Centers 


This letter is a response to Zeman and Elliott's editorial “in De- 
fense” [1] that appeared in the August 1986 issue of the AJR. Most 
of the joint ventures that have proliferated throughout the country 
have put the radiologists at a percentage arrangement rather than 
fee for service. As venture income drops, tax laws change, or 
equipment is replaced, these percentage arrangements will be altered 
or new, more compliant radiologists will be hired. 

Although most imaging centers do comply with federal law that 
requires rules for purchase of shares without regard to percentage 
of patients referred, their selection of investors excludes those who 
would not refer large numbers of patients to the centers. This provides 
an unhealthy climate for excessive referral. l 

The editorial also states that doctors in office practice will not 
perform their own radiographic procedures if they belong to an 
imaging center but will instead refer patients to their imaging center. 
This in fact does not happen because the doctors are not givirig up 
a large source of income by charging the total component in their 
Office for write-off and some income in the clinic. 

The only justification for a free-standing out-patient center that | 
can agree with from practical experience is when a local hospital 
does not have technical capability, prompt service, or competent 


radiologists to adequately service their patients. Nonradiologic phy- 


sicians are becoming entrepreneurs at the expense of the radiologists 
and their patients. Radiologists should not be a part of this charade. 
J. Stolzenberg 

Miami Heart Institute 

Miami Beach, FL. 33140-2999 


REFERENCE 
1. Zeman, RK, Elliott LP. In defense. AJR 1986;147:414-416 


Replies 


First, in regard to the letter by Stolzenberg, our opinions are based 
on our own experiences and those of our fellow radiologists who 
actually participate in imaging centers. The actual contractual rela- 


tionship between general partners and radiologists are negotiated up 


front, as they are in many hospital-based practices. As in a hospital 
setting, if a contract that is favorable to the radiologist exists, there 
is always vulnerability. The administration may seek to alter the 
relationship or hire a new radiologist, just as Stolzenberg suggests 
may happen in an imaging center. 

On the basis of our own experience, after a little less than 1 year 
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of operation, most of our referrals have come from physicians in the 
Washington suburban area who have no financial interest in our 
center. This obviously suggests that clinical needs and appropriate 
referrals are financially driving the center. Stolzenberg is partially 
correct when he says that nonradiologic physicians will not give up 
practicing radiclogy in their offices because of imaging centers. We 
know of a precipitous drop in the number of fluoroscopic procedures 
and urograms being performed by clinicians, but bone and chest films 
are still performed and interpreted by many nonradiologists in this 
community. : 

Second, Berlin raises several hypothetical considerations to which 
we would like to respond. Our dealings with physicians in our imaging 
center have been extremely positive. We have many noninvestor 
referrers who do not hesitate to volunteer that our superior service 
is the reason that we get referrals. 

Jealousy over income levels of radiologists, animosity between 
investor and noninvestor referrers, and the physician-investor as the 
radiologist’s boss are admittedly potential problems. These problems, 
however, are ones that radiologists must deal with in varying degrees 
in many forms of practice. Secrecy about one’s income is dying fast 
in radiology. In university hospitals, the hospital administration and 
medical schoo] have easy access to that information. In many hospi- 
tal-based practices, billing of radiology professional fees is based on 
a centralized hospital computer that undergoes numerous checks 
and audits. Practice-plan income may easily be determined by the 
many committees involved in managing the hospital’s fiscal affairs. 
Frankly, the new generation of radiologists feels that only those with 
unethically high incomes have something to hide. Following a well- 
established precedent in the legal profession, a minority of radidlogy 
groups take advantage of their junior, nonvested members. Perhaps 
some disclosure is not all that bad. 

We have not experienced alienation of physicians in our community 
who are not investors. To the contrary, they have been very sup- 
portive. In theory, however, Berlin makes a valid point. To amplify 
this further, most of the negative reaction that has arisen to our 
imaging center has been a result of the omnipresent town vs gown 
dilemma. Our department, like most university departments, has often 
been viewed as a hibernating bear. Academic departments tradition- 
ally have their activities greatly restricted by their parent university. 
They must shoulder the responsibility for a greater amount of charity 
than their surburban counterparts. They are vulnerable to suburban 
practices draining off their patients because urban hospitals are 
inaccessible and inconvenient. Even their former residents establish 
practices next door. Academic radiologists are finding many exciting 
practice opportunities in suburban areas. As this trend spreads to 
other specialties, our nonuniversity colleagues in and outside of 
radiology are becoming increasingly nervous about competition from 
academic physicians, which is the. greatest reason for animosity that 
we have experienced. 

The issue of “Who’s working for Whom?” is always a concern for 
the radiologist. We are in a profession that provides a service not 
only to patients but also to referring physicians. The nature of our 
profession, whether or not we work in an imaging center, requires 
immediate response to requests from referring physicians. A radiol- 
ogist’s own integrity and the hands-off corporate structure inherent 
to the limited-partnership relationship allows a clear distinction as to 
who works for whom.. 

We agree with Berlin that every radiologist must analyze his local 
situation and search his own soul for guidance. Imaging centers are 
a double-edged sword, but radiology cannot close its eyes and hope 
that they will go away. 

Robert K. Zeman 

Larry P. Elliott 

Georgetown University Hospital 
Washington, DC 20007 
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Recognition of Manuscript Reviewers, Abstractors, and 


Book Reviewers for 1986 


The editors and the editorial staff wish to express their heartfelt appreciation to the following colleagues, who as reviewers have spent many 
hours in 1986 helping to select only the most authentic, original, and useful articles for publication in the AJR, and to those responsible for 
abstracts and book reviews. 

Each manuscript received by the Journal is anonymously forwarded to two knowledgeable reviewers for their opinions concerning the 
worthiness of the paper for publication and/or their suggestions for improvement. The reviewers do this without compensation and with no 
recognition, except for this acknowledgment. The Journal receives 1200 manuscripts annually, of which only 50% of major papers and 15% 
of case reports are accepted for publication. Authors are nearly always required to revise accepted papers, often more than once, in accordance 
with the reviewer's (and the editor's} recommendations. 

Book reviewers have been equally generous with their time, evaluating for: the readers the burgeoning number of textbooks published each 
year. Finally, those who write or select abstracts of other literature for publication in the Journal help readers stay au courant in a rapidly 


evolving specialty. 


In the aggregate, these many contributors have added immeasurably to the value, scientific merit, and interest of the Journal. The quality of 
the Journal is in their hands. We are ‘grateful for the erudite and conscientious manner in which they discharge these imposing responsibilities. 
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News 





1987 Diagnostic Ultrasound Training Courses 


Thomas Jefferson University will schedule weekly courses in di- 
agnostic radiology covering abdomen, obstetrics and gynecology, 
noninvasive vascular diagnosis, neonatal brain, sonomammography, 
and echocardiography. Program director: Barry B. Goldberg. Infor- 
mation: Education coordinator, Division of Diagnostic Ultrasound, 
Thomas Jefferson University, 7th Floor, Main Building, Philadelphia, 
PA 19107; (215) 928-8533. 


Uroradiology Course: 


The Armed Forces Institute of Pathology, the American Registry 
of Pathology, and the American College of Radiology will sponsor a 
uroradiology course on Jan. 19-20, 1987, at the Holiday Inn of 
Bethesda, Bethesda, MD 20814. The purpose of this course is to 
teach basic genitourinary radiology to urologists and urology resi- 
dents. Faculty: E. S. Amis, Jr., A. J. Davidson, M. S. Debbas, S. M. 
Goldman, and D. S. Hartman. Course director: David S. Hartman. 
Category 1 credit: 15 hr. Fee: $200: nonfederal physicians; active 
duty military and other full-time federal salaried physicians with au- 
thorized approval are exempt from the fee. Information: Uroradiology 
Course, Armed Forces Institute of Pathology, Washington, DC 20306; 
(202) 576-2934. 


Palm Beach Magnetic Resonance Imaging Update 


Boston University Medical Center and JFK Memorial Hospital, Lake 
Worth, FL, announce an MR imaging course, Feb. 8-11, 1987, at the 
Hyatt Palm Beaches, West Palm Beach, FL. Course directors: Allan 
M. Green and Neil Steinmetz. Category 1 credit: 18 hr. Fee: $385: 
physicians; $285: residents and technologists. Information: Dept. of 
CME, Boston University School of Medicine, 80 E. Concord St., 
Boston, MA 02118; (617) 638-4605. 


The Pacific Radiological Institute Courses 


The Pacific Radiological Institute was founded to bring together 
diagnostic radiologists from both sides of the Pacific for the exchange 
of ideas and talents. Twelve weekly courses (Feb.—April 1987) will be 
offered, with guest faculties. Category 1 credit: 35 hr/week, or 140 
hr for 4-week program. Fee: $475: physicians; $325: residents and 
fellows; $1750/month: physicians; $1200/month: residents and fel- 
lows. Information: Pacific Radiological Institute, 104 Poipu Dr., Hon- 
olulu, HI 96825. 


Vail Winter Imaging Seminar Ill 


Western Pennsylvania Hospital will sponsor their Vail Winter Im- 
aging Seminar Ill, Feb. 21-28, 1987, at The Marriott's Mark Resort 
in Vail, CO. Current applications of diagnostic sonography, body CT, 
MR, nuclear medicine, and interventional radiology will be presented. 
Faculty: R. Bree, S. Hissong, N. Joseph, G. Kellman, E. Mendelson, 
P. Mueller, H. Neiman, E. Russell, S. Sagel, J. H. Thrall, G. L. Wolf. 
Category 1 credit: 23 hr. Fee: $425: physicians; $325: residents, 
fellows, sonographers. information: Joanne Bondarenka, Vail Winter 
Imaging Seminar Ill, The Western Pennsylvania Hospital, 4800 Friend- 
ship Ave., Pittsburgh; PA’ 15224; (412)578-17800. 


Winter Imaging at Stowe VT 


NYU Medical Center will hold its First Annual Winter Imaging 
course, March 2-6, 1987, at Topnotch Inn and Conference Center, 
Stowe, VT. This 5-day course will cover the use of new imaging 
techniques in a wide variety of clinical practice situations. CT, MR, 
sonography, digital radiology, information systems, and interventional 
radiology will be highlighted and appropriate imaging strategies in 
useful day-to-day practice will be developed. Category 1 credit: 25 
hr. Fee: $425. Information: NYU Medical Center Postgraduate Medical 
School, 550 First Ave., New York, NY 10016; (212) 340-5295. 


Diagnostic Imaging and Interventional Radiology 


The University of Utah Medical Center, Dept. of Radiology, will 
hold a diagnostic imaging and interventional radiology course at Park 
City, UT, March 8-13, 1987. Visiting faculty: D. Stark and T. Mc- 
Namara. Category 1 credit: 22 hr. Fee: $395. Information: Judy 
Gallegos, Dept. of Radiology, School of Medicine, 1A71 Medical 
Center, Salt Lake City, UT 84132; (801) 581-7553. 


Positron Emission Tomography and the Chemistry 
of Mental Illness 


The Johns Hopkins Medical Institutions will offer a course on 
positron emission tomography and the chemistry of mental-iliness, 
on March 12-13 at the Johns Hopkins Medical Institutions, Baltimore, 
MD. The basic principles and techniques of positron emission tomog- 
raphy will be covered together with research and Clinical results. The 
program is designed to meet the needs and interests of psychiatrists, 
psychologists, basic and clinical neuroscientists, neurologists, nuciear 
medicine physician, neuroradiologists, and others interested in the 
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brain and its relation to the mind. Course director: Henry N. Wagner; 
course codirector: Julia W. Buchanan. Category 1 credit: 15 hr. Fee: 
$275: physicians; $175: residents and fellows. Information: Pamela 
E. Macedonia, program coordinator, Turner 22, 729 Rutiand Ave., 
Baltimore, MD 21205; (301) 955-8582. 


Diagnostic Radiology Conference on Imaging 
Modalities in Chest and Abdomen 


Loyola University of Chicago Medical Center will sponsor its 8th 
midwinter diagnostic radiology conference on imaging techniques in 
the chest and abdomen, including MR, CT, and sonography, March 
16-20, 1987, at the Royal Lahaina Resort, Maui, HI. Category 1 
credit: 20 hr. Information: Dr. Linda Gunzburger, Assoc. Dean of 
Educational Research and Development, Continuing Medical Educa- 
tion, and the Learning Resource Center, Loyola University Stritch 
School of Medicine, 2160 S. 1st Ave. Maywood, IL 60153; (312) 531- 
3237. 


Federation of Western Societies of Neurological 
Science Meeting 


The 24th annual meeting of the Federation of Western Societies 
of Neurological Science will be held March 30-April 1, 1987, at Hotel 
del Coronado, Coronado, CA. interdisciplinary concerns of neurolo- 
gists, neurosurgeons, neuroradiologists, and neuropsychiatrists will 
be discussed. Category 1 credit: 19 hr. Program chairman: Patrick 
D. Lyden, Dept. of Neurosciences, UCSD Medical Center H815-A, 
225 W. Dickinson St., San Diego, CA 92103; (619) 294-6737. 


Society of Computed Tomography Meeting/Course 


The 10th annual course of the Society of Computed Body Tomog- 
raphy will be held March 30~April 3, 1987, at the Hotel Inter-Conti- 
nental in San Diego, CA. The faculty will present 22 hr of formal 
lectures, four 1-hr workshops, and a new 2-hr “CT Club.” The focus 
will be on anatomy, techniques, indications, advantages, and pitfalls 
of CT. MR will also be covered. The course will be aimed at the 
needs of the practicing radiologist. Fee: $475: physicians: $375: 
residents and fellows. Category | credit: 28.5 hr. Information: Society 
of Computed Body Tomography, “% Matrix Meetings, inc., Barbara 
McLeod, Meeting Manager, P.O. Box 1103, Rochester, MN 55903: 
(507) 288-5620. 


Radiation Therapy Clinical Research Seminar 


The Radiation Therapy Division, University of Florida, Division of 
Continuing Medical Education, University of Florida, and the American 
Cancer Society, Florida Division, Inc., will sponsor the 17th annual 
radiation therapy clinical research seminar April 23-25, 1987, at 
University Centre Hotel. Gainsville, FL. The seminar will include a 
3-day cancer conference with 1 day of case presentations and 2 days 
of clinical research papers. Category 1 credit: 18 hr. Fee: $200: 
radiation therapists; no fee for residents. Information: Timonthy A. 
Brant, M.D., 1987 Seminar Coordinator, Radiation Therapy Div., Box 
J-385, J. Hillis Miller Health Center, Gainesville, FL 32610; (904) 395- 
0316. 
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George Simon Award—The Fleischner Society 


Established to honor the memory of George Simon, the George 
Simon Memorial Fellowship Award is presented annually by the 
Fleischner Society for the best original work relating to radiologic or 
other imaging of the respiratory system. The winning author will 
receive a cash prize and an all-expense paid trip to the Fleischner 
Society Meeting and Course to present the award paper. In 1987, 
the Society will meet in San Francisco, CA, May 17-23. The award 
paper may be the result of work done by several investigators, but 
the senior author should be the applicant and responsible for most 
of the work. Papers previously published or submitted for publication 
are not eligible. Applicants should not be more than 40 years old. 
Manuscripts must be in the form of a complete scientific paper, no 
longer than 25 typed, double-spaced pages, and must be submitted 
in triplicate. Submissions should be sent to: Richard H. Greenspan, 
M.D., Dept. of Diagnostic Radiology, Yale University School of Med- 
icine, 333 Cedar St., New Haven, CT 06510. Deadline by which 
papers must be received is March 1, 1987. 


Society of Nuclear Medicine Annual Meeting 


The 34th annual meeting of the Society of Nuclear Medicine will 
be held June 2-5, 1987, at the Toronto Convention Center, Toronto, 
Ontario, Canada. Deadline for submission for abstracts: Scientific 
papers-—Jan. 8, 1987; Scientific exhibits—Jan. 22, 1987; Works-in- 
progress—-April 9, 1987. Fee: $120: members; $125: nonmembers. 
information: Society of Nuclear Medicine, Education & Meetings 
Dept., 136 Madison Ave., New York, NY 10016; (212) 889-0717. 


Correction—The American Board of Radiology 
Examinations 


The dates published in the Sept.—Nov. AJR issues for the American 
Board of Radiology examinations were incorrect. Written examina- 
tions will be held Oct. 8-9, 1987: Oct. 6-7, 1988: and Oct. 5-6, 
1989, Oral examinations will be held at the Executive West Hotel in 
Louisville, KY, on June 8-12, 1987; May 23-27, 1988: and June 5- 
9, 1989. The ABR will accept applications for admission to the 
examinations after April 1, but not later than September 30, of the 
year before the examination is to be taken. For application forms and 
further information: Office of the Secretary, The American Board of 
Radiology, 300 Park, Ste. 440, Birmingham, MI 48009. 


AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJA Editorial Office is not acknowledged. Submit items 
for publication typed double spaced. Provide title, date, loca- 
tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJA Editorial Office, 2223 Avenida de la 
Playa, Suite 200, La Jolla, CA 92037. 


Classified Advertising 


Positions Available 


NEURORADIOLOGIST. Applications are being 
sought for an academically oriented neuroradiol- 
ogist for a 612-bed teaching hospital. Position to 
start July 1987. Candidate should be board certi- 
fied preferably with 2 yr of neuroradiology fellow- 
Ship. Training in MR, CT, angiography, and myelo- 
graphy necessary. Individual will be the second 
neuroradiologist in an active, aggressive section. 
Private practice. Send current CV to Harvey L. 
Neiman, M.D., Chairman, Dept. of Radiology, 
The Western Pennsylvania Hospital, 4800 
Friendship Ave., Pittsburgh, PA 15224, 12-2a 


NUCLEAR MEDICINE PHYSICIAN. Opportunity 
at the Assistant Professor level in major North- 
east University Department. Successful can- 
didate must be certified in radiology or internal 
medicine and board certified/eligible in nuclear 
medicine. Excellent clinical and research oppor- 
tunity. Send CV to Arnoid M. Strashun, M.D., Div. 
of Nuclear Medicine, Dept. of Radiology, State 
University of New York, Health Science Center 
at Brooklyn, 450 Clarkson Ave., Box 1210, 
Brooklyn, NY 11203. EQ/AA Employer. 12a 


CHIEF OF RADIOLOGY HARBORVIEW 
MEDICAL CENTER. The University of 
Washington School of Medicine, Seattle, WA, in- 
vites nominations and applications for the posi- 
tion of Chief of Radiology at the Harborview 
Medical Center, a University of Washington 
teaching hospital. We seek an experienced 
physician/administrator with strong commitment 
to academic radiology, patient care, and 
teaching. The candidate must be board certified 
by the American Board of Radiology and meet 
the academic requirements for Professor or 
Associate Professor at the University of 
Washington School of Medicine. The indivicual 
chosen as Chief of Radiology will be responsi- 
ble for all professional radiologic and nuclear 
medicine services and must have the vision, 
vigor, and will to build an academic radiology pro- 
gram commensurate with the mission of the 
Harborview Medical Center. The University of 
Washington School of Medicine is an equal op- 
portunity employer. Please send CV to Charles 
A. Rohrmann, Jr., M.D., Professor of Radiology, 
Chairman HMC Radiology Search Committee, 
University of Washington, SB-05, Seattle, WA 
98195. 12a 


DIAGNOSTIC RADIOLOGY FACULTY MEMBER. 
The McGill University Dept. of Diagnestic 
Radiology is seeking an additional faculty 
member. The successful candidate will have 
responsibilities in research, teaching, and clinical 
work. He/she will lead the division of gastroin- 
testinal radiology and will be part of the ab- 
dominal imaging team. He/she will be respcnsi- 
ble for a research project on digital imaging of 
the gastrointestinal tract. He/she will be based 
primarily in one of the major teaching hospitals 
of the University, where approximately 120,000 
cases are performed each year and state-of-the- 
art equipment is available in conventional 
diagnostic imaging, as well as ultrasound and CT. 
in accordance with Canadian immigration re- 
quirements, priority will be given to Canadian 
citizens or landed immigrants. Applicants should 
send their CV and three letters of reference to Dr. 
Patrice M. Bret, Radiologist-in-Chief, Dept. of 
Diagnostic Radiology, Montreal General 
Hospital, 1650 Cedar Ave., Montreal, Quebec 
H3G 1A4, Canada; (514) 934-8003. 12a 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Walnut Creek, 
CA 94596; (415) 947-0560. Bxa 


RADIOLOGY INSTRUCTOR to assist candidate 
in preparation for Oral Radiology Boards. Can- 
didate needs practice in formally discussing 
cases and. answering board-type questions. 
Would like to meet on a weekly basis beginning 
early 1987. Fee negotiable. Please call (215) 
342-4110 or (615) 359-7092 eves. 12-2a 


UNIVERSITY HOSPITALS OF CLEVELAND is 
seeking a board-certified radiologist for an assis- 
tant professor position in nuclear medicine. Posi- 
tion entails work in both conventional nuclear 
medicine and in the PET facility. Teaching ex- 
perience and demonstrated interest in research 
are desirable. Salary commensurate with ex- 
perience. University Hospitals of Cleveland is a 
900-bed hospital associated with Case Western 
Reserve University. Interested candidates should 
forward CV and approximate date of availability 
to Floro Miraldi, M.D., Director, Division of 
Nuclear Radiology, University Hospitals of 
Cleveland, 2074 Abington Rd., Cleveland, OH 
44106. AA/EOE. 12-1a 


PEDIATRIC NEURORADIOLOGIST. The Dept. of 
Radiology at Childrens Hospital of Los Angeles 
and the University of Southern California is seek- 
ing a pediatric neuroradiologist with strong com- 
mitment in teaching, patient care, and research. 
Applicants should be board certified and must 
qualify for licensure in California. Faculty rank 
would be predicated upon the qualifications. In- 
terested applicants should send CV and names 
and addresses of three references to John L. 
Gwinn, M.D., Radiologist-in-Chief, Childrens 
Hospital of Los Angeles, PO. Box 54700, Los 
Angeles, CA 90054. Qualified individuals from 
minority groups and women are encouraged to 
apply. 12a 


RADIOLOGICAL PHYSICISTS. The Dept. of 
Radiology at Thomas Jefferson University 
HospitalJefferson Medical College wishes to 
recruit two highly qualified radiologic physicists. 
The first position is for an MRI physicist to work 


with our GE 1.5T MRI system currently being in- — 


stalled. He/she will work closely with radiologists 
in our MRI division on applied and basic re- 
search. The second position is for a physicist with 
particular interests in image processing. The 
Dept. has a broad range of interests in digital 


radiography, DSA, PACS, and other methods of ' 


improving information content of radiologic im- 
ages. Candidates for both positions should have 
strong academic records and current research 
interests. Hard money support is available for 
both positions. Contact David C. Levin, M.D., 
Chairman, Dept. of Radiology, Thomas Jefferson 
University Hospital, Philadelphia, PA 19107. 11~1a 


MRI/ULTRASOUND RADIOLOGISTS. The Dept. 
of Radiology at Thomas Jefferson University 
HospitalJefferson Medical College is seeking 
two academically oriented radiologists to join its 
MRI and Ultrasound divisions. Both divisions are 
housed in modern, spacious facilities with state- 
of-the-art technology. A GE 1.5 T MRI unit is now 
being installed. Candidates will have the option 
of working in either of these divisions or both, ac- 
cording to their interests. The Dept. is currently 
under new leadership, and is expanding in both 
size and academic scope. Generous salaries and 
benefits are offered. Contact David C. Levin, 
M.D., Chairman, Dept. of Radiology, Thomas Jef- 
ferson University Hospital, Philadelphia, PA 
19107. 11-1a 


DIAGNOSTIC RADIOLOGIST. Need aggressive 
associate to perform all aspects of diagnostic 
radiology in well-equipped hospital with large out- 
patient component in South Texas. MR training 
a plus but not essential. Excellent salary and 
early partnership available. For confidential con- 
sideration please submit CV to Box H70; AJR (see 
address this section). 11xa 


RADIOLOGIST, BOARD CERTIFIED/ELIGIBLE. 
Full- or part-time position available with two other 
radiologists in a hospital-based practice that in- 
cludes diagnostic radiology, CT, ultrasound, 
angiography, nuclear medicine, and interven- 
tional procedures. Teaching hospital with 
residency programs. Please send CV and other 
inquiries to Douglas B. McGirr, M.D., Radiology 
Dept., San Joaquin General Hospital, P.O. Box 
1020, Stockton, CA 95201. AA/EOE 11-12a 


DIAGNOSTIC RADIOLOGIST for small hospital 
and clinic practice San Francisco Bay Area. Write 
to J.J. Parker, M.D., Box 284, San Rafael, CA 
94915, 11~i2a 


PERMANENT POSITION. Pediatric radiologist to 
cover high-risk nurseries at two hospitals approx- 
imately three miles apart. Approximately 15 high- 
risk beds at each hospital. Good pediatrician sup- 
port. Anticipate growth of routine pediatric radi- 
ology as well. Large group, with full compensa- 
tion package negotiable. Will give preference to 
person willing to do some plain film adult radiol- 
ogy. Write to C.M. Eiland, M.D., 1920 Huntington 
Rd., Birmingham, AL 35209. 11-12a 


A 400-BED COMMUNITY HOSPITAL staffed by 
private practice group seeks a second.neuro- 
radiologist preferably with MR experience. On- 
going neuroradiologic service includes state-of- 
the-art CT, angiography with digital, and myelo- 
graphy. MR unit on order. Must be capable and 
willing to do general radiology also. Contact Ben 
R. Mayes, Jr, M.D., Radiology Dept., St. Luke’s 
Hospital, 232 So. Woods Mill Rd., St. Louis, MO 
63017, (314) 434-1500, ext. 4250. 11-1a 


DIAGNOSTIC RADIOLOGIST with two years 
fellowship in interventional radiology to join 
8-man hospital- and office-radiology group. 
Group involved in all diagnostic modalities in- 
cluding MAI. E.S.W.L. to be installed soon. Candi- 
dates must be skilled in interventional uroradiol- 
ogy and angioplasty. Must also be accomplish- 
ed general radiologist. Position available on or 
before July 1, 1987 and leads to full partnership. 
Send CV to Paul R. Silk, M.D., Dept. of Medical 
Imaging, Albany Memorial Hospital, Albany, NY 
12204. 11~12a 


THE DEPARTMENT OF RADIOLOGY, Medical 
College of Virginia, Richmond VA seeks qualified 
individuals for faculty positions in skeletal radi- 
ology, neuroradiology, and MRI. Must be ABR 
certified or eligible. Academic rank and salary 
commensurate with experience. Submit CV to 
Search Committee, Dept. of Radiology, Medical 
College of Virginia, Box 470, Richmond, VA 
23298. MCV is an equal opportunity, affirmative 
action employer. Women and minorities are en- 
couraged to apply. 11-12a 


PEDIATRIC RADIOLOGIST. Large hospital- 
based group seeks associate with recent 
pediatric radiology fellowship training. Busy 
private practice group needs second pediatric 
radiologist for coverage of small pediatric 
hospital. Practice would include 25% pediatric 
and 75% adult work. All modalities including 
MRI. Board certification mandatory. Opportuni- 
ty for partnership in well-established western 
Washington practice. Reply Box H74, AJR (see 
address this section. 11-6a 


TWO YOUNG RADIOLOGISTS seek a third radi- 
ologist in expanding hospital-based practice near 
Canadian border in northern New York. All 
modalities available. Write P Berman, HC 61 Box 
454, Massena, NY 13662. 8~7a 


BOARD CERTIFIED diagnostic radiologist. All 
diagnostic modalities except MR. MR installation 
planned in 1% years. Busy in-patient and out- 
patient practice. Salary negotiable and early part- 
nership available. Send CV to Box C23, AJR (see 
address this section). 6xa 
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BOARD-CEATIFIED DIAGNOSTIC RADIOL- 
OGIST to join multispecialty private corporation, 
with a well-equipped X-ray area, dedicated mam- 
mography, nuclear medicine, high-resolution 
real-time ultrasound, and whole-body CT scan- 
ner, Send CV and reply to Raymond Kuntz, Ad- 
ministrator, Johnson Clinic, PD., PO. Box 315, 
Rugby, ND 58368. 12-1a 


BOARD-CERTIFIED RADIOLOGIST-Six man 
radiology group seeks new associate with fellow- 
ship training in CT/fultrasound. The group pro- 
vides complete radiologic services in fully- 
equipped 500 bed hospital! with two G.E. 9800 
CT scanners, and Acuson and Diasonics ultra- 
sound. Private out-patient office also covered by 
the group. Send CV to Eric R. Rosenberg, M.D., 
Dept. of Radiology, New Hanover Memorial 
Hospital, Wilmington, NC 28403. 10-12ap 


CHIEF, BODY CT. The Dept. of Diagnostic Radi- 
ology of William Beaumont Hospital, a major 
tertiary care and academic institution in 
Michigan, is seeking a candidate to direct the 
division of body CT and participate in MR. Can- 
didates must be board certified in diagnostic 
radiology and have significant academic 
achievements. Income is negotiable and com- 
petitive. Send CV to Jalil Farah, M.D., Director, 
Diagnostic Radiology, Wiliam Beaumont Hospi- 
tal, 3601 West 13 Mile Road, Royal Oak, MI 
48072. 10-12a 


B/C - B/E DIAGNOSTIC RADIOLOGIST. Hospital 
and office practice. All modalities except MRI. 
Hands-on experience in real-time ultrasound 
desired. Excellent salary and benefits, commen- 
surate with experience, Early partnership. Will 
consider locums. Send CV to Radiology, 5681 N. 
Fresno St., Fresno, CA 93710 (209) 439-2464. 
1i-12ap 


Positions Desired 


PGY-2 OR PGY-3 DIAGNOSTIC RADIOLOGY 
POSITION sought by resident with 16 months’ 
training at midwest university program. Current- 
ly involved in MR and contrast research. Affable 
and committed. Available January 1987. Reply 
Box 190, AJR (see address this section). 12~1b 


BOARD-CERTIFIED RADIOLOGIST seeks posi- 
tion in general radiology including CT, ultra- 
sound, nuclear medicine, neuroradiology, Gl, 
mammography, angiography, and interventional 
radiology. Three years’ experience modernizing 
a busy community hospital and expanding 
private office. | would like to enhance and expand 
practice, leading to partnership. Send reply to 
Box 191, AJR (see address this section). 12b 


BOARD CERTIFIED RADIOLOGY GROUP with 
expertise in all modalities desires to relocate 
either to a moderate-size hospital or multi- 
speciality practice. All locations considered. Reply 
Box H72, AJR (see address this section). 11~12b 


BOARD-CERTIFIED RADIOLOGIST seeks part- 
time position in Philadelphia, South Jersey, 
Wiimington, Delaware area. Experienced in ali 
imaging and invasive modalities except MRI. 
Reply Box G62, AJR (see address this section). 
10-12b 


NEURORADIOLOGIST completing 2-yr-UCSD 
fellowship 6/87 (with 1.5T GE Signa experience 
throughout} seeks private practice position. P.O. 
Box 8107, La Jolla, CA 92038. 9-12b 


Fellowship and Residencies 


' RESIDENCY POSITION. Fourth-year radiology 
residency position available at a university 
teaching hospital in the Midwest. Emphasis can 
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CLASSIFIED ADVERTISING 


CARDIOVASCULAR INTERVENTIONAL 
RADIOLOGY FELLOWSHIP. Opening for 
fellowship program beginning July 1, 1987. Also, 
now accepting applications for candidates for 
July 1, 1988. One-year program at 454-bed 
teaching hospital with departmental affiliation to 
the University of Pittsburgh. Busy dept. covering 
all aspects of cardiovascular and neurovascular 
imaging, as well as, vascular and nonvascular in- 
terventional techniques. Ideally suited for can- 
didates wishing to pursue cardiovascular in- 
terventional radiology in private practice. Inquiries 
to Mark H. Wholey, M.D., Director, Dept. of 
Radiological Sciences and Diagnostic Imaging, 
Shadyside Hospital, 5230 Centre, Ave., Pitts- 
burgh, PA 15232; (412) 622-2083. 12c 


FELLOW IN MRI - BUFFALO, NY. Available Jan. 
1, 1987 a fellowship position is open in a 313-bed 
pediatric teaching hospital. Eight radiologists 
associated in practice; CT, nuclear medicine, 2 
Acuson units, angiography, and Diasonics 0.5 
Tesla Superconductive magnet in our depart- 
ment. Write to J.P. Kuhn, M.D., 219 Bryant St., 
Buffalo, NY 14222. 11-ta 


Tutorials/Courses 


CORTINA, ITALY--LONDON, ENGLAND. Winter 
Congress-Cortina, Jan 31-Feb 7, 1987: Winter 
Seminar-London, Feb 7~11, 1987. Attend one or 
both offering CME | accredited and presented by 
a renowned faculty. Topics in CT, US, MRI with 
correlation. Fees each meeting: to November 14, 
US$395, thereafter US$435 (combined fee 
US$450 and US$495, respectively). Contact 
Medical Seminars International, 21915 Roscoe 
Blvd., Ste. 222, Canoga Park, CA 91304 (818) 
701-5143. 10-12d 
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Other 


RADIOLOGY OFFICE FOR LEASE, SALE, OR 
JOINT VENTURE. Rapidly growing area, S.E. 
Florida Coast Hospital and three-medical 
building complex. 30 physicians. Send reply to 
Box 188, AJR (see address this section). 12d 


REALIZE THE. VALUE of your practice. A group 
of successful and well-qualified radiologists is in- 
terested in acquiring established radiology prac- 
tices. Hospital contracts, clinics, and private of- 
fice settings are desired. Opportunity for radiol- 
ogists considering retirement or reduction in 
practice activities to capitalize on the value of the 
practice they have built up during their careers. 
Alleviate the problems of professional recruit- 
ment or administrative pressures. Practices con- 
sidered throughout the country. Flexible pur- 
chase options with opportunity for continuing 
relationship arrangements. Write Box C49, AJR 
{see address this section). 6-5e 
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Index Key: a = abstract, b = book review, e = editorial, | = letter, m = memorial, p = pictorial essay 


Subjects in this index are catalogued by 
body part where. possible. Disease entities 
unique to a body part are listed by that part; 
other more general diseases have separate 
listing by name. Technical procedures are 
also listed by part, as appropriate. Because 
of general interest, subjects dealing with 
computed tomography, magnetic resonance 
imaging, ultrasound, radionuclide imaging, 
and pediatric radiology are listed under those 
headings as well as under appropriate body 
part and/or disease. 
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Abdomen 
appendicitis, CT findings, 147:705 
- pain, plain film evaluation, 147:501 
percutaneous abscess, digital-scout-radiograph- 
assisted drainage, 147:406 
subphrenic abscess, percutaneous drainage, 
147:1237 
Abrams, Raymond M. (m), 147:1288 
Abscess, see specific organ; region 
Achalasia, nongastrointestinal malignancies and 
(a), 147:442 
Achilles tendon 
computed tomography (a), 146:1104 
tendinopathies, sonography of (a), 146:429 
Acoustic neuroma, diagnosis (a), 147:218 
Acquired immune deficiency syndrome 
abdominal CT in, 146:7 
cytomegatic inclusion virus encephalitis with, CT, 
146:1229 
gastrointestinal tract, multifocal abnormalities of, 
146:1 
Kaposi's sarcoma with, 147:919 
neurological manifestations of (a), 146:1106 
neuroradiologic findings in, 147:977 
pneumonia, spontaneous pneumothorax with, 
147:29 
‘Adenoid cystic carcinoma, trachea, CT, 146:1129 
Adenoma, see specific organ 
Adrenal disease, functional, anomalous kidneys 
with, radiology, 147:289 
Adrenal gland 
Cushing syndrome, CT, 146:1235 
intermediate masses, MRI, 147:493 
Aerodigestive tract, multiple primary epidermoid 
carcinoma (a), 146:1320 
Air bronchogram, sonographic demonstration, 
147:593 


Airway 
obstruction, nonfixed, cine CT, 146:669 
upper, dynamic narrowing, obstructive sleep ap- 
nea and (I), 147:1330 
Albumin, Tc-99m macroaggregated, evaiuation of 
peritoneovenous shunt patency, 147:177 
Alzheimer’s type dementia, CT, 147:963 
American Roentgen Ray Society, 147:1192 
awards for distinguished service to radiology, 
B147:420 
case of day: 1986, 146:626, 146:1073 
invitation to membership, B147:430 
1986 meeting, Washington, DC, 
146:340, 146:618, 146:740 
new members, 147:428 
Officers, committees, and meeting information, 
147:1180 
presidential address, 147:417 
scientific exhibits, 1986 meeting, B147:426 
1986 scientific program, 146:183 
secretary's report, 1986 meeting, 147:422 
section on instructions: courses and symposium, 
146:189 
Amy! nitrite test, radiologic, pseudoachalasia dis- 
tinguished from idiopathic achalasia, 146:21 
Anatomy, sectional human {b}, 146:940 
Anderson-Carr progression, sonographic demon- 
stration, 146:1253 
Anechoic crescent, abdominal aortic aneurysm, 
146:345 
Aneurysm 
see also specific artery; Aorta; Heart 
abdominal aortic 
anechoic crescent in, 146:345 
CT evaluation of, 146:711 
presentation as a pulmonary mass, 146:155 
chronic posttraumatic, thoracic aorta, 146:303 
coagulation of, direct percutaneous thrombin in- 
jection, 147:383 
dissecting, circumflex retroesophageai right aor- 
tic arch simulation of, 146:491 
hepatic artery, sonography in diagnosis, 147:725 
natural history of (a), 146:653 
Angiography 
see also specific organ; artery; vein 
Budd-Chiari syndrome, 147:9 
coronary, power injector, 146:831 
gastrointestinal hemorrhage, 146:1031 
interventional considerations, liver transplanta- 
tion, 146:143 
liver transplantation, vascular complications after, 
147:657 
occlusion balicons, removal of bile duct stones, 
146:383 : 


146:181, 


penetrating vascular injuries, face and neck, 
147:995, (e)147:1000 

portal vein thrombosis, liver cirrhosis (a), 146:427 

primary central nervous system lymphoma, 


146:271 

saphenous vein bypass, 147:51 

small hepatocellular carcinoma, 147:525, 
147:531 . 


Takayasu's arteritis, 146:949 
thoracic aortic aneurysms, 146:309 
transluminal angioplasty, aortic narrowing (a), 
146:178 
trauma, arterial occlusion due to pneumatic an- 
tishock garment, 147:391 
upper gastrointestinal hemorrhage, 147:1185 
Angiography, digital subtraction 
crossed-leg technique, 146:843 
intraarterial 
cerebral ischemia (a), 146:430 
thoracic aortic rupture, 146:987 
IV and intraarterial hybrid, 147:613 
pediatric (a), 146:1323 
rapid-sequence, intracranial circulation, 146:1239 
surgically implantable pump-catheter systems, 
146:839 
thoracic aorta rupture {i}, 147:1093 
transbrachial approach, 146:649 
Angioma, -see specific: organ 
Angiomyolipoma, renal, abdominal case of day, 
146:1078 
Angiopathic dementia, CT, 147:963 
Angioplasty 
brachiocephalic, washout technique for, 146:849 
femoral artery, superficial, 146:1025 
iliac artery rupture related to, treatment without 
surgery, 147:389 
percutaneous transluminal 
aortic rupture and; 146:373 
balloon catheter for (I), 146:1101 
lower abdominal aorta, 146:369 
__ renal transplant arterial stenosis, 146:853 
superficial femoral artery, antegrade puncture, 
147:632 
thrombectomy and, thrombosed synthetic he- 
modialysis access fistulas, 147:161 
transluminal, complete iliac obstructions, 
146:859 
venous, treatment of superior vena cava syn- 
drome, 147:834 
Ankle, CT scanning, 146:1192, 146:1204 
Aorta 
abdominal 
aneurysm, anechoic crescent in, 146:345 
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aneurysm presenting as pulmonary mass, 
146:155 
percutaneous 
146:369 
ascending, laceration (I), 146:422 
calcified ascending, after radiation therapy, 
147:477 
coarctation 
mediastinal collateral arteries, 146:757 
pulsed Doppler findings (a), 147:217 
dissection 
detection of intimal flap, unenhanced CT im- 
ages, 146:601 
MRI of, 146:1286 
plain chest radiographic findings, 147:1123 
narrowing, transluminal angioplasty of (a), 
146:178 
regurgitation, evaluation with Doppler echocar- 
diography (a), 147:863 
rupture 
retroperitoneum (I), 146:421 
transluminal angioplasty and, 146:373 
thoracic, rupture, intraarterial digital subtraction 
angiography, 146:987 
thoracic aneurysm 
clinical and radiographic findings, 146:303 
MRI, 146:309 
thrombosis, umbilical artery catheterization, 
146:619 
Aortic arch 
circumflex retroesophageal right, simulating me- 
diastinal tumor or dissecting aneurysm, 
146:491 
regurgitant fraction, Doppler echocardiographic 
measurement (a), 147:217 
retroesophageal right, circumflex (I), 147:1089 
Aortic stenosis, calcific, echocardiographic {a}, 
146:650 
Aortitis, clinical, pathologic and radiologic aspects 
(b), 146:1276 
Aortography, see Angiography; Aorta 
Aortoiliac compression, neonatal, distended blad- 
der, sonography, 146:1273 
Aortoiliac disease, assessment, hemodynamic 
measures (a), 146:1322 
Appendectomy, nonsurgical drainage of ab- 
scesses and, 146:587 
Appendicitis, CT findings, 147:705 
Appendix, coiled spring sign of the cecum, acute 
appendicitis, 146:45 
Arachnoid cyst 
intradural, neuroradiology case of day, 146:1095 
sacrum, MRI, 146:359 
Areae gastricae, delineation of, bariurn suspension 
viscosity and, 146:35 
Arterial calcification, idiopathic, sonographic rec- 
ognition, 146:249 
Arterial disease, lower extremity, young adults (a), 
146:1322 
Arteriography, femoral, retroperitoneal hemor- 
rhage, CT evaluation, 146:1289 
Arteriography, lower extremity, improved visuali- 
zation, 147:1021 
Arterioportal shunt, CT features of, hepatocellular 
carcinoma, 146:723 
Arterior venous fistula, iatrogenic, percutaneous 
management {a}, 146:885 
Arteriovenous malformation 
see also organ; region 
brain, natural history of (a), 146:1107 
ileal, coil embolization, 146:787 
intraosseous, embolization of, 146:785 
natural history of (a), 146:653 
symptomatic, serial embolizations of, 146:1038 
Artery 
see also specific artery; organ; region 
ischemia, lower limbs, 146:157 
Arthritis, rheumatoid, juvenile, changes in cervical 
spine (a), 147:443 
Arthrography 


transluminal angioplasty, 
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see also specific joint 

apophyseal joint (a), 146:652 

aspiration and, negative bone scans after, ex- 
perimentai studies, 146:87 

CT, capsular structures of shoulder, 146:361 

digital, wrist, 147:563 

distal humerus, infants (a), 147:649 

knee locking and unlocking, 146:575 

midcarpal wrist (I), 146:645 

shoulder, after rotator cuff repair (a), 147:219 

temporomandibular joint (a), 146:1104 

torn rotator cuff {i}, 147:646 

Aspirin, serpiginous gastric erosions caused by, 

146:31 


Asterisk sign, ischemic necrosis, femora! head (a), 
146:652 
Atelectasis 
round (a), 146:176 
subpulmonic pleural effusions and, CT value in, 


146:685 

Atheromatous placques, laser effects on (a), 
146:1106 

Atlantoaxial instability, Down syndrome, 


146:1269 
Atrium, see Heart 
Avascular necrosis, see Bone 


Bacterial meningitis, recurrent, CT (a), 146:1108 
Baltaxe, Harold A. (m), 146:604 
Barium sulfate 
double-contrast, hemoccult screening and, 
146:697 
multifocal abnormalities in gastrointestinal tract, 
acquired immune deficiency syndrome, 
146:7 
singie- vs double-contrast, colonic polyps, 
146:993 
suspension viscosity, delineation of areae gastri- 
cae and, 146:35 
suspension viscosity (I), 146:1317 
Barium sulfate, retractile mesenteritis, colon, 
147:937 
Barrett's esophagus 
radiologic diagnosis (a), 147:441 
radiologic studies, 147:257 
Behcet syndrome, gastrointestinal system involve- 
ment, children (a), 147:218 
Biceps tendon, ultrasound (a), 147:648 
Biello, Daniel R. {m), 147:784 
Bile acid, malabsorption (a), 146:428 
Bile duct 
cholangitis 
sclerosing, interventional! radiology, 147:1002 
sclerosing, hepatic arterial FUDR chemother- 
apy, 146:717 
dilatation 
after laparotomy, 147:729 
immunodeficiency and, children (a), 146:432 
obstruction, floating gallstones, without added 
contrast material, 146:49 
removal of stones, angiographic occlusion bal- 
loons, 146:383 
stones, optimal cholangiographic technique, 
146:537 
varices (a), 146:1321 
Biliary drainage 
complications of, malignant pleural effusion, 
146:1165 
pain control after (I), 147:438 
percutaneous 
diffuse Caroli’s disease, 147:159 
obstructive jaundice and (a), 147:444 
Biliary endoprosthesis, insertion via T-tube tract, 
147:164 
Biliary sludge, nature of (a), 147:441 
Biliary tract 
endoprosthesis blockage, 147:404 
percutaneous drainage, pain control after, 
146:595 
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Biliary tumors, fine-needle aspiration biopsy in, 
147:399 
Binswanger’s disease, see Subcortical arterio- 
sclerotic encephalopathy 
Biopsy 
see also specific organ 
CT-guided, body stereotaxis, 146:163 
endoscopic, MRI and, Egyptian mummies, 
146:93 
fine needle aspiration, 147:155, pancreatic and 
biliary tumors, 147:399 
puncture, new needle for, 147:543 
sample size, suction effects, 147:1014 
Bjork-Shiley valve, integrity, cineradiographic 
methods for assessment, 147:1139 ` 
Bladder 
calculi, scrotal cystocele with, 147:287 
carcinoma, MRI-CT-surgical correlation, 
146:1179 
distended, neonatal aortoiliac compression 
caused by, 146:1273 
MRI value in review, 147:732 
tumors, ultrasound diagnosis (a), 147:443 
Blastomycosis, adult respiratory distress syn- 
drome and, chest case of day, 146:1085 
Blood, MRI appearance of, 146:1293 
Biood flow, MRI spin-echo, 146:931 
Blood pool, radionuclide venography, 146:1051 
Bone 
see also specific bone 
avascular necrosis 
hip, 147:67 
hip (I), 147:1332 
density, spinal and hip fractures (a), 146:1104 
Gaucher's disease type 1, CT and scintigraphy, 
147:943 
metastases, radiologic contributions to manage- 
ment, 147:305 
negative scans, after aspiration (I), 146:1100 
neoplasm, renal tumors of childhood that metas- 
tasize to, clear cell sarcoma, 146:64 
percutaneous trephine biopsy, thoracic spine (a), 
146:1103 
Stress fracture, MRi, 147:553 
tumors 
computer tomography {a), 147:443 
diagnosis (b), 146:1046 
primary and soft tissue, MRI and CT, 146:749 
radiology in (a), 146:1104 
Bone, radionuclide imaging 
hepatic metastases from colonic carcinoma, 
mT C-HMDP in, 146:333 
negative scans after aspiration or arthrography, 
experimental studies, 146:87 
Bone marrow 
malignant infiltration, MRI detection of, 146:353 
transplantation 
esophageal infections after (a), 146:427 
gastrointestinal inflammation after, CT, 
146:691 
intestinal and hepatic complications of (a), 
147:440 
Book reviews 
aortitis: clinical, pathologic and radiologic as- 
pects, 146:1276 
atlas for maxillofacial pantomographic interpre- 
tation, 146:1324 
atlas of normal fetal ultrasonographic anatomy, 
147:552 
atias of two-dimensional echocardiography in 
congenital cardiac defects, 147:1148 
atoms, radiation, and radiation protection, 
147:1236 
bockus gastroenterology, 146:294 
cardiac catheterization and angiography, 
147:1138 
cardiac imaging and image processing, 147:140 
cervico-occipital joint (RX, CT), 147:525 
clinical computed tomography illustrated prace- 
dural guide, 147:524 
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Clinical diagnostic ultrasound, 147:976 

clinical radiology of the spine and spinal cord, 
147:776 

computed tomography and magnetic resonance 
imaging of the head and neck, 146:518 

computed tomography of the gastrointestinal 
tract including the peritoneal cavity and mes- 
entery, 147:1176 

computed tomography of trauma, 147:562 

computer assisted radiology. Computergestitzte 
radiologie, 146:484 

consultation in diagnostic imaging. medical con- 
sultation series, 146:986 

cranial computed tomography: a comprehensive 
text, 147:544 

diagnostic cardiology, 146:44 

diagnostic imaging in clinical medicine, 146:216 

diagnostic imaging in hemophilia: musculoskel- 
etal and other hemorrhagic complications, 
1486:80 . i 

diagnostic imaging in ophthaimology, 1486:1282, 
147:562 

diagnostic imaging of the acutely injured patient, 
147:766 

diagnostic nuclear medicine, 147:1262 

diagnostic patient studies in surgery, 147:1236 

differential diagnosis. of sott tissue and bone tu- 
mors, 146:1046 

digital cardiac imaging, 146:484 ; 

digital radiography; selected topics, 147:1148, 
147:1206 i 

digita! subtraction angiography, 147:994 

double contrast examination of the colon: princi- 
ples and practice, 147:38 

echographie de la prostate, 147:994 

essentials of radiology physics, 146:518 

functional mapping of the brain in vascular dis- 
orders, 147:570 

guide pratique d’echographie scrotale, 147:728 

guide to prosthetic cardiac valves, 147:338 

handbook of physics for radiologists and radiog- 
raphers, 146:678 

handbook of radioactivity measurements proce- 
dures, 146:532 

hand-held and automated breast ultrasound, 
147:44 

imaging of orthopedic trauma and surgery, 
147:238 

information processing 
146:476 

joints and vertebral connections clinical radiology, 
146:1268 

learning to heal—the development of American 
medical education, 147:166 

lung cancer, 146:774 

lymphatic imaging: lymphography, computed to- 
mography and scintigraphy, 147:776 

magnetic resonance imaging: principles and ap- 
plications, 147:984 

metabolism of the human brain studied with pos- 
itron emission tomography, 146:690 

musculoskeletal magnetic resonance imaging, 
147:544 

myelofibrosis, 146:30 

noninvasive diagnostic techniques in vascular 
disease, 146:30 

nuclear medicine annual 1985, 146:294 

nuclear medicine in clinical oncology, 147:984 

nuclear pharmacy, 147:728 

oncologic imaging, 146:1140 - 

pediatric magnetic resonance imaging, 146:1140 

pediatric ultrasonography, 146:1282 

pocket atlas of normal ultrasound anatomy, 
146:690 

practice enhancement, 146:716 

practice of coronary angioplasty, 
147:184 

proceedings of the Eighth Conference on Com- 
puter Applications in Radiology, 146:248 

progress in medical radiation physics, 146:24 


in medical imaging, 


147:1132, 
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progress in radiopharmacology 1985, 147:44 
radiation oncology: a handbook for residents and 
the allied health professions, 146:970 
radiodiagnosis of the skull, 146:476 
radioisotope studies in cardiology, 146:1010. 
radiolabeled cellular blood elements, 147:525 
radiological physicists, 146:678 
radiologic clinics of North America: symposium 
on digital radiography, 146:86 
radiologic diagnosis of renal transplant compli- 
cations, 147:962 
radiology of adverse reactions to drugs and toxic 
hazards, 147:696 
radiology of liver circulation, 147:504 
radiology of lymphomas, 147:696 
radiology of the hand. a diagnostic synopsis of 
many general diseases, 147:66 
radiology of the spine, tumors, 147:552 
radiology of the spine tumors, 146:1030 
radiology review cards, 147:367 
radiology today, 146:940 
radionuclide imaging techniques, 147:367 
recent developments in digital imaging, 146:248 
roentgen signs in diagnostic imaging, 146:238, 
147:398 
sectional human anatomy, 146:940 
self assessment in radiology and imaging 2. gas- 
trointestinal radiology, 146:1276 
self assessment in radiology 1. ear, nose and 
throat, 146:1276 
sensitivity and specificity of common scinti- 
graphic procedures, 146:716 
single photon emission computed tomography, 
147:720 
some issues important in developing basic radia- 
tion protection recommendations. National 
Council on Radiation Protéction and Meas- 
urements Proceedings No. 6, 147:32 
Stafne’s oral radiographic diagnosis, 147:338 
the fundamentals of x-ray and radium physics, 
147:144 
the radiologic clinics of North America. sympo- 
sium on advances in cardiac imaging, 147:78 
the radiologic clinics of North America, 147:408, 
147:504, 147:1040 
the selection and performance of radiologic 
equipment, 147:144 
thyroid and parathyroid imaging, 146:1010 
ultrasound physics and instrumentation, 147:490 
World Health Organization basic radiological sys- 
tem. Manual of radiographic interpretation 
for general practitioners, 146:80 
x-ray imaging equipment, 146:232 
x-rays: health.effects of common exams, 146:774 
Bowel, see Colon; Intestine 
Brain 
abscesses, indium-111 leukocyte scans {a), 
146:885 
aging and (a), 146:1107 
anterior frontal horns, MRI, 147:331 
arteriovenous malformation (a), 146:1107 
chemotherapy 
supraophthalmic carotid infusion (a), 146:653 
Gd-DTPA, clinical MRI, 147:1223, 147:1231 
glucose utilization, aging and (a), 146:430 
minimal asymmetry of, CT brain scans, 147:753 
occult vascular formations, MRI and CT, 147:985 
positron emission tomography (b), 146:690 
torcular Herophili, sonographic appearance of, 
146:109 
torulosis, CT {a), 146:652 
Brain, CT, organized intracerebral hematoma, 
acute hemorrhage and, 147:111 
Brain, MRI 
iron in, 147:103 
radiation injury, 147:119 
Brain, ultrasound 
compressed and asymmetric lateral ventricles, 
neonate, 146:471 
craniocervical junction, neonate, 147:133 
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periventricular stereotaxis (a), 146:178 
torcular Herophili, 146:109 — 
Brain tumor, surrounding oedematous tissue and, 
measurements (a), 146:430 
Breast 
carcinoma 
calcifications, mammograms (a), 147:864 
diaphanography in (a), 146:431 
internal mammary lymphoscintigraphy (a), 
146:431 
disease 
male, mammography, 146:127 
MRI in diagnosis, 146:119 
images; high-contrast mammography with a mov- 
ing grid, 146:1137 
lesions 
diagnostic tests for (a), 146:1323 
mammography and transillumination light scan- 
ning comparison, 147:191 


neoplasm 
metastasis to intramammary lymph nodes, 
146:133 - 
nonpalpable, mammographic features of, 
146:661 


Bronchiolitis obliterans, with organizing pneu- 
monia, vs. usual interstitial pneumonia, 
147:899 

Bronchopulmonary dysplasia, changing picture, 
persistent pulmonary abnormalities (a), 
147:649 

Bronchopulmonary foregut, congenital malforma- 
tions, 146:227 

Bronchovascular anatomy, 
lobes, 147:457 

Bronchus, solid mediastinal cyst, mineralogic analy- 
sis, 146:73 

Bucrylate-pantopaque mixture, histologic analysis 
of, 147:627 

Budd-Chiari syndrome, see Liver 

Bupivacaine, pain control, after percutaneous bili- 
ary drainage, 146:595 


segmental, lower 


Cc 


Calcaneus, fractures, CT (I), 146:644 
Calcification 
see also specific organ; region 
arterial, idiopathic, sonographic recognition, 
146:249 
dystrophic, umbilical artery, children (a), 146:654 
intracranial, chronic lead exposure, CT findings, 
146:267 
midline cerebral, cause of (a), 146:1108 
Canal stenosis, lumbar herniated disk disease and, 
coil MR, CT, and myelography, 147:757 
Cancer, see specific organ; region 
Carcinoid syndrome, pailiation, hepatic artery em- 
bolization, 149:149 
Cardiology, diagnostic (b), 146:44 
Cardiovascular shunt, cardiovascular lesions, MRI 
estimation of pulmonary vascular resistance, 
146:919 
Caroli’s disease, diffuse, percutaneous biliary 
drainage, 147:159 
Carotid artery, plaque; sonographic characteriza- 
tion of, 146:1061 
Carotid body, bifurcation, incremental dynamic CT, 
146:465 : 
Carotid placque, asymptomatic (a), 146:1322 
Carpal bones, incomplete coalition, 147:301 
Carpal tunnel! syndrome, idiopathic, plate ther- 
mography in (a), 146:1106 
Carpus, see Wrist 
Case of day 
abdominal, 146:631, 146:1074 
chest, 146:627, 146:1080 
musculoskeletal, 146:634, 146:1087 
neuroradiological, 146:634, 146:1094 
Catheter | 
arterial, determination of entry site (I), 147:438 
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ultrasound-guided, microbubbles as contrast 
agent for, 147:347 


Catheterization 
see also organ, blood vessel 
arterial 
complications arising from, neonates {a), 
146:655 


entry site determination (f, 146:175, 146:1101 
Cope-style drainage catheter, 146:169 
Cope-style loop retention, replacing broken su- 
ture in, 146:590 

impending perforation, superior vena cava, radi- 
ographic recognition of, 146:487 

intractable pericatheter leakage, Hollister disk 
and bag system for, 146:869 

kinked, radiographic appearance, 146:789 

nonsurgical drainage, appendiceal abscesses, 
146:587 

percutaneous drainage, transrectal pelvic ab- 
scess, sonographic guidance, 146:1047 


percutaneous transiuminal angioplasty (l), 
146:1101 

pump-catheter systems, surgically impiantable, 
146:839 


retrograde ureteral, via the ileal conduit, 146:61 
transhepatic biliary drainage, complications of, 
146:1165 
umbilical artery, evaluation of neonatal aortic 
thrombosis, 146:619 
Catheterization, retained subcutaneous frag- 
ments, method for retrieval, 147:1017 
Cat scratch disease, CNS involvement (a). 
147:649 
Caudal regression syndrome, abdominal case of 
day. 146:1074 
Cavernous sinus 
clinical syndrome, CT diagnosis (a), 146:885 
invasion by pituitary adenoma, CT and MRI signs, 
146:257 
Cavum septi pellucidi, hemorrhage and cyst de- 
velopment in (a), 146:888 
Cecum, see Colon 
Central nervous system 
cat scratch disease and (a), 147:649 
primary lymphoma 
CT and pathologic correlation, 147:747 
radiographic findings, 146:271 
ventricular fluid from, coxsackievirus group B 
antibodies from {a}, 146:179 
Cerebral artery, see Brain, specific artery 
Cerebral hypoperfusion, focal, dysphasia or atten- 
tion deficit disorder, children (a), 146:655 
Cerebral ischemia, intraarterial digital angiography 
(a), 146:430 
Cerebral palsy 
see also body part 
athetoid-dystonic, cervical spondylotic radiculo- 
myelopathy in (a), 146:178 
spastic, hip changes in, 146:1219 
Cerebral vein, see Brain 
Cerebrospinal fluid, rhinorrhea, metrizamide CT 
cisternography (a), 146:885 
Chemical shift, imaging, 146:971 
Chemonucleolysis, septic complications of (a), 
146:1107 
Chemotherapy 
see also specific drug; organ 
advanced seminoma, CT evaluation of, 146:745 
hepatic arterial FUDR, sclerosing cholangitis as- 
sociated with, 146:717 


intraarterial, short-term flow occlusion in, 
146:375 

residual masses after, testicular carcinoma. 
146:1184 


Chest, see Thorax 
Chest phantom, CT nodule densitometry, 147:21 
Cholangiocarcinoma 
choledochal cyst, 
147:516 


preoperative diagnosis, 
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complication of choledochoenteric anastomoses, 
147:513 
Cholangiography 
optimal technique, bile duct stones, 146:537 
percutaneous, obstructive jaundice and {a}. 
147:444 
Cholangiohepatitis, oriental, diagnostic imaging 
and management, 146:327 
Cholangitis, see Bile duct 
Cholecystitis, see Gallbladder 
Cholecystography 
cholecystokinetic (a), 146:651 
oral, gallbladder function (a), 146:651 
Cholecystostomy, percutaneous, galistone disso- 
lution, methyl-tert-butyl ether, 146:865 
Choledochal cyst, cholangiocarcinoma in, preop- 
erative diagnosis, 147:516 
Choledochoenteric anastomoses, cholangiocar- 
cinoma as a complication of, 147:513 
Choledocholithiasis, ultrasound detection of (a), 
147:441 
Cholescintigraphy 
functional obstruction of sphincter of Oddi {a}, 
147:442 
morphine-augmented, 
147:1177 
Cholestasis, total parenteral nutrition (a), 146:1102 
Chondroblastoma, review (a), 146:652 
Chondroma 
see also specific organ 
cricoid cartilage, neuroradiology case of day. 
146:1096 
Chron’s disease, recurrence after surgery (a), 
146:177 
Cilia syndrome, chest film in (a), 147:863 
Cineradiography, assessment, Bjork-Shiley valve 
integrity, 147:1139 
Cirrhosis 
regenerating nodules in, sonography, 146:533 
splenorenal shunts, postoperative assessment 
with MRI, 146:597 
Colitis, see Colon 
Colles’ fracture, trabecular osteopenia in (a), 
147:443 


acute cholecystitis, 


Colon 
adenoma, familial polyposis coli and, 147:61 
coiled spring sign of the cecum, acute appendi- 
citis, 146:45 
colorectal carcinoma 
floxuridine therapy, smail-bowel toxicity due to, 
146:39 
hepatic metastases from, 146:333 
simulation of, ischemia and (a), 146:176 
diminutive polyps, radiographic detection (e), 
146:875 
diverticulitis, CT findings, 147:271 
megacolon, idiopathic, radiologic definition {a), 
146:651 
microcoion, premature infant, 146:239 
polyps, single-contrast vs double-contrast barium 
enema, 146:993 
retractile mesenteritis involving, 147:268, barium, 
sonography, and computed tomography, 
147:937 
small bowel, obstruction, intestinal balloon and, 
147:1019 
smail-bowel volvulus, CT diagnosis, 147:941 
volvulus (a), 146:1321 
Colorectal cancer 
adenomas, prognostic factors (a), 146:427 
Dukes’ C class of (a), 146:1321 
multiple, comparison in ulcerative colitis, familial 
polyposis coh, and de novo cancer {a), 
146:1320 
preoperative imaging (a), 146:1320 
Column of Bertin, hypertrophied, sonography of, 
146:53 
Computed tomography 
see also specific type; organ 
Achilles tendon (a), 146:1104 
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advanced seminoma, chemotherapy treatment 
and, 146:745 

AIDS, cytomegatlic inclusion virus encephalitis 
with, 146:4229 

angio- (a), 146:433 

body stereotaxis, 146:163 

body worksheet, 147:846 

caicaneal fractures {f}, 146:644 

diagnostic procedures, cost-elfectiveness vs. ac- 
curacy (1), 146:174 

experimental design, need for precision in ), 
146:174 

fibromatoses, 1447:1063 

fibrous tissues, 4147:1067 

following diphenyihydantoin 
146:179 

foot and ankle, 146:1192 

inferior lumbar hernia, 147:744 

Kimray-Greenfield filter complications, 147:45 

metrizamide, traumatic dural tear (a), 146:654 

metrizamide myelography and (a}. 146:1108 

pediatric, retinoblastoma {a}, 146:179 

pheochromocytoma, 146:741 

primary bone and soft-tissue tumors, 146:749 

quantitative, vertebral body compressive fac- 
tures (a), 146:1104 

retroperitoneal hemorrhage, femoral arteriog- 
raphy and, 146:1289 

Sagittal, temporomandibular joint (a), 146:179 

soft tissue hemorrhage (h, 1471331 


intoxication ia}, 


subcortical arterioscierotic encephalopathy. 
1447:1209 

three-dimensional reformation, children, 
146:1261 


Computed tomography, abdomen 
acquired immune deficiency syndrome, 146:7 
acute acalculous cholecystitis, 4147:1171 
aortic aneurysms, 146:711 
appendicitis, 147:705 
compartmental anatomy of retroperttioneurn {p}, 
147:1155 
extraperitoneal spaces, 4147:1162 
gastric diverticulum, simuiating adrenal mass. 
146:553 
gastrointestinal inflammation, after bone marrow 
transplantation, 146:691 
intraabdominal abscesses, percutaneous drai- 
age, 146:1041 
ovarian cancer, liver metastasis and {a}, 147:444 
periappendiceal abscess, 146:1161 
peritoneal and mesenteric, malignancies (4), 
147:864 
renal angiomyolipoma, 146:1078 
residual masses after chemotherapy, testicular 
carcinoma, 146:1184 
subpulmonic pleural effusions, atelectasis and, 
746:685 
taiigut cyst, 147:1309 
Computed tomography, adrenal. malignant and 
benign masses (f), 146:1316 
Computed tomography, bladder, MRi-surgicai 
correlations, staging of carcinoma, 146:1179 
Computed tomography, bone, Gaucher's disease 
type 1, 147:943 
Computed tomography, brain 
dementing diseases, 147:963 
minimal asymmetry in, 147:753 
Computed tomography, chesi 
benign schwannomas, 147:144 
nodule densitometry, chest phantom for, 4147:21 
Silicosis, 146:477 
Computed tomography, cine, noniixed upper aif- 
way obstruction, 146:669 
Computed tomography, colon, retractiie mesen- 
teritis, 147:937 
Computed tomography, cranium 
abused child with head injury. 146:97 
brain and cervical spine diseases, MRI compari 
son (a}, 146:653 
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cavernous sinus, Clinical syndrome and diagnosis 
(a), 146:885 
cerebral bleeding, central traumatic {a), 146:1108 
cerebral torulosis (a), 146:652 
chronic lead exposure, intracranial calcification 
in, 146:267 
evaluation of radiation therapy, 147:587 
exophthalmos, excessive fat and, 146:459 
glioma, chronic seizure disorder caused by (a), 
146:886 
head injury, 147:1215 
MRI and, head and neck (b), 146:518 
neurosarcoidosis, steroids and, 146:819 
NMR and, dementia (a), 146:178 
opsomyocionus, 146:781 
primary CNS lymphoma, 146:271 
severe diffuse injury (a), 146:654 
Computed tomography, esophagus 
esophageal-pleural fistula, 147:907 
sclerotherapy, 147:57 
Computed tomography, eye, intraocular foreign 
bodies (a), 146:1107 - 
Computed tomography, heart, aortic dissection, 
detection of intimal flap of, 146:601 
Computed tomography, hip, avascular necrosis, 
147:67 
Computed tomography, hypopharynx, carcinoma 
(a), 146:430 l 
Computed tomography, intestine, small bowel di- 
verticulitis, 147:271 
Computed tomography, kidney 
hemorrhagic focal bacterial nephritis, 146:1173 
retroperitoneal fibrosis, 146:57 
Computed tomography, liver 
Budd-Chiari syndrome, 147:9 
children, 147:785 
dynamic bolus, hemangioma, 147:711 
extrahepatic cavernous hemangiomas, 147:1299 
hepatocellular carcinoma, 146:1005 
arterioportal shunts in, 146:723 
in vivo volume determination (a), 146:177 
masses, 146:729 
mesenchymal hamartomas, 147:1035 
multiple bile-duct hamartomas, simulating malig- 
nant disease, 147:279 
patterns of injury, 147:1199 
transplants, impaired lymphatic 
147:519 
Computed tomography, lung 
lower lobes, segmental bronchovascular anat- 
omy, 147:457 
non-small-cell bronchogenic carcinoma, preoper- 
ative staging, 146:285 
pulmonary infiltrates, mosaic oligemia simulating, 
147:670 
Computed tomography, lymph nodes 
calcified mediastinal, new ATS classification (p), 
1447:17 
mediastinal, detection and sizing, autopsy and, 
147:469 
Computed tomography, mediastinum, solid bron- 
chogenic cyst, mineralogic analysis, 146:73 
Computed tomography, musculoskeletal sys- 
tem, three-dimensional imaging; 147:545 
Computed tomography, neck 
calcific tendinitis, longus coli, 147:742 
incremental dynamic, carotid bifurcation, 146:465 
MRI and, head and neck (b), 146:518 
Computed tomography, pancreas 
mass occupying lesions (a), 146:428 
prediction of pancreatitis (a), 146:1321 
Computed tomography, pelvis, septic hip, psoas 
abscess mimicking of (a), 146:1105 
Computed tomography, pineal, region tumors, 
146:451 f 
Computed tomography, pituitary 
adenoma, cavernous sinus invasion by, 146:257 
Cushing syndrome, 14146:1235 
posterior, 146:263 


drainage, 
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Computed tomography, prostate, carcinoma de- 
tection, 146:351 
Computed tomography, rapid-acquisition, left 
ventricular function, supine exercise, 
147:916 
Computed tomography, rectum 
carcinoma, pre- and postoperative ‘staging, 
146:703 
staging cancer, 146:1155 
Computed tomography, shoulder 
capsular structures, CT arthrography of, 146:361 
intra-articular penetration of a screw (a), 
146:1105 
Computed tomography, small bowel, volvulus, 
147:941 
Computed tomography, spine 
cervical spine and brain diseases, MRI compari- 
son, 146:653 
cystic necrosis, compressive cervical myelopa- 
thy, 147:767 
degenerative disorders, 
146:793 
disk-space hypersensitivity (a), 146:429 
extraarachnoid metrizamide instillation, 147:583 
intravenous contrast enhancement, intraspinal 
tumors, 146:103 
lumbar herniated disk disease, canal stenosis 
and, 147:757 
malignant diseases (a), 146:431 
pathomorphology of stenosis (a), 146:1109 
primary central nervous system lymphoma, 
147:747 
Computed tomography, spleen, hepatosplenic 
neoplasia, thorotrast-induced, 146:997 
Computed tomography, sternum, abnormalities 
{p}, 147:72 
Computed tomography, 
146:291 
Computed tomography, thigh, nutritional assess- 
ment, pediatrics (a), 147:650 
Computed tomography, trachea 
adenoid cystic carcinoma, 146:1129 
growing, age and gender in, 146:233 
Computer, radiology and (b), 146:484 
Computer, reference management and, 147:641 
Computer page 
database management, MRI facility, 146:871 
microcomputer-based graphics, 147:1319 


myelographic data, 


testis, malignancy, 


personal, low-volume imaging department, 
146:1302 

personal computer data-base system, radiology, 
147:1075 


scheduling for radiologists, 147:203 
Computer tomography, bone and soft tissue tu- 
mors, thoracic wall (a), 147:443 
Congenital abnormality, see organ; part 
Congestion index, portal vein, 146:735 
Contrast medium 
see also specific medium 
floating gallstones without added contrast mate- 
rial, bile, 146:49 
hexabrix and papaverine, incompatibility of, 
146:1300 
high- and low-osmolality, intravenous, compari- 
son, 147:185 
intravenous contrast enhancement, CT evalua- 
tion of intraspinal tumors, 146:103 
microbubbles, catheter manipulation, 147:347 
MRI, optimal pulsing sequences for, 147:367 
parenteral radiographic, acute thrombocytopenia 
induced by, 146:1298 
transient reaction to, pancreatic mumps, 147:188 
Cope introducer, modified, 147:828 
Coronary artery, bypass graft anastomoses, eval- 
uation with epicardial echocardiography (a), 
147:863 
Coxsackievirus group B antibodies, ventricular 
fluids, infants with severe anatomic defects 
in central nervous system (a), 146:179 
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Cranial vault, giant cell reparative granuloma, pe- 
diatric (a), 146:655 
Creutzfeldt-Jakob disease, CT, 147:963 
Cricoid cartillage, elliptical, congenital subglottic 
stenosis, 146:1133 
Crohn disease 
postsurgical recurrence, sonographic detection 
of, 146:523 
real-time ultrasound in, 146:1102 
smail bowel examination, 147:63 
Cryosurgery, hepatic, ultrasound monitoring of, 
147:665 
Cushing’s syndrome, hyperplasia after treatment, 
147:1145 
Cyst 
nonparasitic splenic, radiologic-pathologic corre- 
lation, 147:537 
see also specific organ or part 
Cystic duct, anomalous hepatic duct inserting into, 
147:1181 
Cystography, see Bladder; other organs 


D 


Dementia 
see also Brain , , . 
cerebral NMR and CT imaging in (a), 146:178 
diseases causes, CT changes in, 147:963 


Densitometric screening, osteoporosis {l}, 
147:1329 

Diabetes, lumbar myelography complications in, 
146:1057 

Dialysis, pediatric complications, CT peritoneogra- 
phy, 147:325 


Diaphanography, breast carcinoma (a), 146:431 

Diarrhea, post-irradiation, pathogenesis of (a), 
146:650 | 

Diffuse idiopathic skeletal hyperostosis, quadri- 
plegia in, after minor trauma (i), 147:858 

Digital subtraction angiography, see Angiography 

Diphenylhydantoin, intoxication, CT findings fol- 
lowing (a), 146:179 

Diskitis, computed tomography (a), 146:429 

Diverticulitis, see Colon 

Diverticulum, see specific organ 

Dopamine receptors, images, PET (a), 146:886 

Doppler, see Ultrasound 

Dosimetry, multipoint real-time thermal, clinical mi- 
crowave hyperthermia system with (a), 
147:219 

Double-contrast barium enema, see Barium sul- 
fate . 

Down syndrome, atlantooccipital instability in, 
146:1269 

Drainage procedures, see specific organ 

Drug uptake, experimental enhancement, short- 
term flow occlusion, 146:375 

Duodenum 

bulb, hypertrophied fold (}, 146:647 
ulcer, radiologic search (i), 146:424 

Dural arteriovenous malformations, intracranial 

hemorrhage and {a), 146:431 


E 


Echinococcal cysts, rupture of, 146:391 
Echocardiography 
see also Heart; Ultrasound 
amyloid heart disease (a), 147:217 
calcific aortic stenosis (a), 146:650 
Doppler 
evaluation of aortic regurgitation (a), 147:863 
Kawasaki disease (a), 147:218 
epicardial, coronary artery bypass graft anasto- 
moses evaluation (a), 147:863 
mitral regurgitation (a), 146:650 
updated Doppler measurement, regurgitant frac- 
tion, aortic arch (a), 147:217 
Editorials 
‘angiography 
147:1000 


in penetrating neck injuries, 
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changing of the guard, 146:171 


classification of non-Hodgkin's lymphoma, 
147:205 

device identification: deficient marking systems, 
146:418 


impact of maternity on radiologists, 146:415 
language of certainty, 147:209 
new assistant editors, 146:1311 
physician investment in free-standing imaging 
centers: in opposition, 147:412 
physician investment in free-standing imaging 
centers: in defense, 147:414 
presence of parents with children during imaging 
procedures, 146:639 
radiographic detection of polyps of the colon, 
146:875 
radiology manpower: where are we?, 146:172 
screening mammography, 147:195 
the dense mammogram, 147:487 
the diffusion of MRI in the United States: What is 
fact and what is speculation, 147:856 
what radiologists say about PACS, 146:419 
Effusion, see specific region 
Ejection-fraction determination, right anterior 
oblique view, gated cardiac MRI, 147:33 
Elbow, radial nead—capitellum view, trauma, 
146:81 
Embolization 
hepatic artery, carcinoid syndrome, 147:149 
ileal arteriovenous malformation, 146:787 


ntraosseous arteriovenous malformation, 
146:787 
male infertility and, 147:97 
Encephalitis 


see also Brain 
cytomegalic inclusion virus, AIDS and, CT, 
146:1229 
Endoprosthesis, biliary, blockage, 147:404 
Endoscopy 
see also specific organ 
lower esophageal mucosal ring, 147:261 
pneumatic balloon dilatation, achalasia, esopha- 
gus, 146:25 
radiologist performance of, 147:1078 
Endourology, current trends (a), 146:429 
Enteroclysis 
plasma electrolyte status after, 146:323 
radiologic examination, small intestine, 147:63 
Enterocyst, formation, neonatal necrotizing enter- 
ocolitis, 147:806 
Epidermoid carcinoma, multiple primary, aero- 
digestive tract (a), 146:1320 
Epilepsy, temporal lobe, NMR in (a), 146:653 
Epinephrine, pain control, percutaneous biliary 
drainage, 146:595 
Esophagitis, reflux, radiographic examination (a), 
147:444 
Esophagography 
doubie-contrast, alternative technique, 147:266 
intramural pseudodiverticulosis, 147:1165 
Esophaqus 
atresia, hypertrophic pyloric stenosis and, 
147:329 
early cancer, 146:507 
endoscopic pneumatic balloon dilatation, achala- 
sia, 146:25 
fistula, CT, 147:907 
foreign bodies, basket extraction of, 147:1010 
function tests (a), 146:428 
idiopathic achalasia, pseudoachalasia distin- 
guished from, radiologic amyi nitrite test, 
146:21 
infections. after marrow transplantation (a), 
146:427 
intramural pseudodiverticulosis, 147:1165 
laser treatment for obstructing carcinoma, radi- 
ographic appearance after, 146:519 
lower mucosal ring, radiographic and endoscopic 
sensitivity, 147:261 
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motor function, muscular dystrophy and (a), 
147:442 
nutcracker, radiologic and manometric correla- 
tion in, 147:693 
pseudoachalasia, idiopathic achalasia distin- 
guished from, radiologic amyl nitrite test, 
146:21 
strictures, balloon dilatation (a), 146:427 
uncomplicated sclerotherapy, CT after, 147:57 
varices, splenorenal shunt surgery for, MRI post- 
operative assessment of, 146:597 
Ethanol, renal ablation, fatal outcome in end-stage 
kidneys, 146:593 
Ewing sarcoma, see Bone 
Exophthaimos, see Eye 
Extracorporeal shock wave lithotripsy, percuta- 
neous stone procedures, 147:89, 147:94 
Eye 
exophthaimos, excessive fat effects CT, 146:459 
intraocular foreign bodies, CT iocalization of (a), 
146:1107 


F 


Facet joint injection, low back pain (a), 147:219 

Familial amyloid polyneuropathy, echocardi- 
ographic assessment (a), 147:217 

Familial polyposis coli, uncomplicated adenomas 


in, 147:61 

Felty’s syndrome, radiocolloid scintigraphy. 
147:181 

Femopropopliteal grafts, occluded, thrombolysis 
of, 147:621 


Femoral artery 
guided direct antegrade puncture, 147:632 
superficial angioplasty, 146:1025 

Femoral vein, compression, iower-extremity ve- 

nography, 147:1025 

Femur 
head, avascular necrosis (a), 146:1104 
ischemic necrosis, asterisk sign and (a), 146:652 
transient ischaemia, bone scintimetry for (a). 


146:1104 

Fibromatoses, CT-pathologic correlation, 
147:1063 

Fibromuscular dysplasia, renal, reversible, 
147:737 


Fibrosis, see specific organ; region 
Fibrous tissue, tumors and, CT and sonographic 
correlation, 147:1067 
Fleischner Society, glossary, 146:883 
Floxuridine 
hepatic arterial chemotherapy, scierosing cholan- 
gitis associated with, 146:717 
therapy, smail-bowel toxicity due to, 146:39 
Fluoroscopy, gastrointestinal tract (1), 147:1090, 
147:1091 
Focal lytic lesion, acetabular loosening, total hip 
prosthesis {f), 146:423 
Foley catheter, simulating nasopharyngeal mass, 
neuroradiology case of day, 146:1095 
Fontanelle, see Skull 
Foot, CT scanning, 146:1192, 146:1204 
Fracture 
see also specific bone 
burst, spine, radiography. 147:575 
stress 
MRI, 147:553 
second metatarsal, Lisfranc’s joint (a), 147:219 
trampoline, proximal tibia in children, 146:83 
FUDR, see Floxuridine 


G 


Gadolinium-DTPA, MRI, liver cancer, 147:357 
Galibladder 
carcinoma, anomalous pancreaticobiliary ductal 
union and, 147:442 
cholecystitis 
acute, cholescintigraphy. 
mented, 147:1177 


morphine aug- 
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acute acaiculous, indium-?1l-iabeled leuko- 
cyte imaging, 147:813 
acute acalculous, sonography, scintigraphy. 
and CT, 1447:1171 
acute, hepatobiliary imaging and real-time ul- 
trasound ja), 146:1319 
chronic acalculous disease, multimnaging evalua- 
tion, 147:721 
floating galistones in bile, without added contrast 
material. 146:49 
function, oral cholecystography, 146:651 
galistones, sonographic screening for, 146:437 
wall, V-shaped artifact, 147:505 
Galistone 
dissolution with methyl-tert-buty! ether, percuta- 
neous cholecystostomy, 148:865 
symptomatic and asymptomatic (a), 146:1319 
Ganglion, see organ: part 
Gastric antrum, hypertrophied fold ()}, 146:647 
Gastric carcinoma, gastroplasty stoma dilatation 
and, application of percutaneous gastros- 
tomy, 147:826 
Gastric cardia, diverticulum simulating adrenal 
mass, CT, 146:553 
Gastric emptying 
measurement, 
147:442 
renal failure and (a), 146:428 
Gastritis, erosive, aspirin and other nonsteroidal 
antiinflammatory drugs, 4146:31 
Gastroenterology, bockus {b}, 146:294 
Gastroenterocstomy, percutaneous, 
46:58 1 
Gastrointestinal stenoses, hydrostatic balloon di- 
lation (a), 147:440 
Gastrointestinal tract 
biphasic enterociysis (a}, 146:176 
examination, hypotonia, ear acupuncture and (f), 
147:862 
fluoroscopy {i}, 147:1090, 1447:1091 
granular cell tumors, 147:1305 


real-time ultrasonography (a), 


446:577, 


hemorrhage, angiographic treatment of, 
146:1031 

inflammation, after bone marrow transplantation, 
CT, 146:691 


intussusception, adults, 146:527 
linear erosions, radiologic findings. 147:701 
malformations, fetal, antenatal sonographic di- 
agnosis (a), 146:432 
multifocal abnormalities, acquired immune defi 
ciency syndrome, 146:1 
perforations, mechanically ventiated neonates 
(a), 146:432 
ulcer, radiographic efficacy in, 147:697 
upper 
hemorrhage, angiography. 147:1765 
management (a), 147:440 
Gastroschisis 
omphalocele and 
fetal, B147:1047 
fetal, sonographic diagnosis, 147:797 
Gastrostomy 
percutaneous, 146:577. 146:521 
gastric carcinoma and gastroplasty stoma di- 
latation, 147:826 
jejunal feeding, 147:822 
percutaneous endoscopic {a}, 1486:1323 
Gaucher’s disease type 1, bone involvement, CT 
and scintigraphy, 147:943 
Genitalia, see specific organ 
Genitourinary tract, interventional radiology, chil- 
dren, 147:791 
Gestational sac, HCG levels and. sonography (f. 
146:1098 
Glioma 
see also Brain 
prediction of survival, positron emission tomog- 
raphy (a), 146:653 
seizure disorder caused by, CT {a}, 146:886 
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Glioma, optic nerve, posterior visual pathway in- 
volvement (a), 147:864 
Glomus tumor, intraosseous, review, 147:739 
Granular.cell tumor, skin and GI tract, 147:1305 
Granuloma 
see also specific organ 
eosinophilic, chest case of day, 146: 1080 
plasma cell, lung, chest case of day, 146:1080 
Granulomatosis, see specific organ 
Graves disease, see Thyroid gland 
Great arteries, congenital abnormalities, MRI, 
146:941 
Gruentzig, Andreas Roland (m), 146:118 
Guide wire 
see also Catheterization 
exchange problems (I), 146:881 


H 


Harrington instrumentation, thoracolumbar spine 
(a), 146:652 
Harrison, R. Stewart (m), 147:28 
Head 
injury 
abused child, cranial CT in, 146:97 
CT and highfield MR, 147:1215 
Heart 
see also Aortic valve; Mitral valve 
atrial hemangioma, prenatal sonographic diag- 
nosis, 147:1207 


atrial septal defect, noninvasive pulsed Doppler 


echocardiographic detection (a), 146:176 
digital imaging (b), 146:484 
function, MR overview, 146:907 
ischemic, coronary thrombolytic therapy, 147:1 
radioisotope studies {b}, 146:1010 
selective angiography, power injector, 146:831 
Heart, computed tomography, rapid-acquisition, 
left ventricular function during supine exer- 
cise, 147:916 
Heart, magnetic resonance imaging 
measurement of normal left dimensions, 146:75 
myocardial infarction, 146:925 
strangulated hernia, pneumothorax and, 146:321 
Heart, ultrasound 
noninvasive evaluation, aortic regurgitant frac- 
tion, Doppler echocardiography  {a), 
146:1319 
thoracic aortic aneurysms, 146:309 
Hemangioma 
see also organ; region 
atrial, prenatal sonographic diagnosis, 147:1207 
hepatic, dynamic bolus CT, 147:711 
-hepatic cavernous, atypical radiographic findings 
in, 146:1149 
Hematoma 
see also organ; region 
extracranial, MRI, 146:403 
Hematopoiesis, extramedullary, acute lymphocytic 
leukemia, 147:846 
Hemoccult tests, 
` cost comparison (!), 147:646 
role of radiology in, 146:697 
Hemodialysis, thrombosed synthetic, access fis- 
tulas, 147:161 
Hemoglobinuria, paroxysmal nocturnal, magnetic 
resonance imaging, kidney,. 146:51 
Hemolymphangiomatosis, musculoskeletal case 
of day, 146:1087 
Hemorrhagic infarction, delayed, pediatric {a), 
146:888 
Henoch-Schonlein purpura, ileal stricture and (a), 
147:443 
Hepatic artery 
aneurysms, sonography in diagnosis, 147:725 
embolization, palliation of carcinoid syngrome, 
4147:149 
thrombosis, after liver transplantation, 146:137 
Hepatic- duct, anomalous, inserting into cystic duct, 
147:1181 
Hepatocellular carcinoma 
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see also Liver 
arterioportal shunts in, CT features of, 146:723 
primary extrahepatic mass, CT, 146:1005 
scintigraphy in diagnosis (a), 146:884 
small, angiography of, 147:525, 147:531 
Hepatology, radiology impact on, 147:1117 
Hepatosplenic neoplasia, thorotrast-induced, CT 
identification, 146:997 
Hernia, inferior lumbar, CT, 147:744 
Herophili, torcular, sonographic appearance of, 
146:109 
Hexabrix, incompatibility with 
146:1300, (1I)147:1096 


papaverine, 


Hip 
avascular necrosis (I), 147:1332 
changes, spastic cerebral palsy, 146:1219 
normal and ischemic, joint fluid, MRI, 146:1215 
ossification, infant, sonographic and radiographic 
correlation, 147:317 
prosthesis, acetabular loosening, focal lytic le- 
sions with (I), 146:423 
Histocytosis X, healing rates in bones, children (a), 
146:655 
Hodgkin’s lymphoma, thailium-201 parathyroid 
scan, mediastinum, 147:819 
Hodson, John (m), 146:1154 
Huntington’s chorea, CT, 147:963 
Hyatid cyst, splenic (), 147:859 
Hydatid disease, rupture of echinococcal cysts, 
146:391 
Hydrocephalic dementia, CT, 147:963 
Hydrocephalus, idiopathic external, benign familial 
macrocephaly relations (a), 147:863 
Hyperimmunoglobulinemia E syndrome, pulmo- 
nary imaging (a), 147:864 
Hyperoxaluria, primary, radiologic aspects of, 
146:395 
Hypertension 
see also specific type 
chronic portal, expandable intrahepatic portaca- 
val shunt stents, 147:1251 
flank mass and, 146:67 
portal, porto-caval anastomosis in, children (a), 
146:654 
Hypertrophic gastropathy, pediatric, 147:1031 
Hypertrophic pyloric stenosis, esophageal atresia 
and, 147:329 
Hypopharynx, see Pharynx 
Hypotonia, GI examination, ear acupuncture for (1), 
147:862 
Hysterosalpingography, low-osmolality contrast 
medium in (a), 146:428 


lleal conduit, retrograde ureteral catheterization 
via, 146:61 
leum 
obstruction, transluminal angioplasty, 146:859 
stricture, Henoch-Schonlein purpura and (a), 
147:443 
lliac artery, angioplasty-related rupture, treatment 
without surgery, 147:389 
imaging 
see also Radiography; Computed Tomography; 
Ultrasound 
cerebral perfusion, iodine 123-labeled amines (a), 
146:886 
chemical shift, 146:971 
children, presence of parents during {e}, 146:639 
diagnostic 
clinical medicine (b), 146:216 
consultation in (b), 146:986 
roentgen signs of (b), 146:238 
digital (b), 146:248 
information processing (b), 146:476 
kidney mass (a), 146:429 
oncologic {b}, 146:1140 
renal failure (a), 146:651 
Imaging centers 
finance and control {h}, 147:1333 
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free-standing, physician investment 
147:412 ; 
free-standing (I), 147:1334, 147:1335, 147:1336 
Imaging equipment, x-ray (b), 146:232 
imaging processing, digital, cardiac (b), 146:484 
imaging techniques, tarsal coalitions (a), 146:885 
implanted devices, markers for, 146:387 
Indium-111 
leukocyte scan 
acute acalculous cholecystitis, 147:813 
brain abscesses (a), 146:885 
chronicity of infection and, 147:809 
early myocarditis in Kawasaki 
146:255 , 
febrile renal transplant patients, 146:823 
uptake by tumors, 146:621 
white blood celis, lung uptake of, 147:601 
indium-granulocyte scanning, painful prosthetic 
joint, 147:167 
Infertility, male, thermography, spermatic venog- 
raphy, and embolization in, 147:97 
Insulinoma, benign pancreatic, sonography, 
147:929 
intestinal hypomotility, bile-duct dilatation, after 
laparotomy, 147:729 
Intestine 
complications of bone marrow transplant (a), 
147:440 
small bowel diverticulitis, CT findings, 147:271 


in (e), 


disease, 


small bowel examination, Crohn’s disease, 
147:63 

small-bowel! toxicity, floxuridine therapy and, 
146:39 


intracranial circulation, quantitative analysis, 
rapid-sequence DSA, 146:1239 
intracranial hemorrhage, NMR imaging of (a), 
146:1106 
Intravascular mass, non-Wilms', 
146:1098 
intravascular retrieval, 
body, 146:863 
intussusception 
see also specific organ 
adults, 146:527 
lohexol, metrizamide comparison, cognitive and 
affective changes after, 147:777 
ischemia 
arterial, lower limbs, 146:157 
simulation of colonic carcinoma by (a), 146:176 
Islet-cell tumors, small, localization (a), 146:884 


J 


childhood (l), 


percutaneous, foreign 


Jaundice 
obstructive 
percutaneous cholangiography and biliary 
drainage in (a), 147:444 
sonographic parallel channel sign in {i}, 146:645 
Jejunal feeding, percutaneous gastrostomy and, 
147:822, 147:826 
Jejunostomy, percutaneous, 146:577, 146:581 
Jejunum 
enteroclysis, plasma electrolyte status after, 
146:323 
percutaneous bioplasty (a), 146:1102 
Job syndrome, galiium-67 imaging, 147:610 
Joint 
see also specific joint 
aspiration or arthrography, negative bone scans 
after, experimental study, 146:87 
hip, fluid, vacuum phenomenon and {a}, 147:218 


knee, focking and unlocking, arthrography, 
146:575 

prosthetic, pain, indium-granulocyte scanning in, 
147:167 


temporomandibular, sagittal computed tomogra- 
phy (a), 146:179 
K 


Kaposi’s sarcoma, AIDS and, 147:919 
Kawasaki disease 
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early myocarditis in, indium-111 leukocyte scan- 
ning localization, 146:255 
tricuspid regurgitation, Doppler detection (a), 
147:218 © 
Kidney 
anomalous, functional renal disease in, radiology, 
147:289 
calculi 
extracorporeal shock wave lithotripsy, 147:89, 
147:94 
removal, intercostal-space nephrostomy for, 
147:393 
candidiasis, neonatal, sonographic diagnosis, 
147:801 
clear cell sarcoma, tumor of childhood that me- 
tastasizes to bone, 146:64 
cyst, hemorrhagic, MRI, 146:1167 
failure 
acute rhabdomyolysis with, technetium-99m 
pyrophosphate imaging in, 147:815 
current imaging (a), 146:651 
gastric emptying in (a), 146:428 
mass, current imaging (a), 146:429 
normal growth, myelodysplasia, 146:615 
percutaneous nephrostolithotomy, 147:283 
polycystic disease, MRI, 146:1167 
simultaneous pancreatic transplant, scintigraphy, 
147:1193 
staghorn, large pelvic stones and (a), 146:652 
transplant 
febrile patients, indium-111 leukocyte scan- 
ning, 146:823 
MRI, 147:949 
rejection, MRI, 147:954 
Wilms’ tumor, MRI, 146:955 
Kidney, angioplasty, transplant arterial stenosis, 
146:853 
Kidney, magnetic resonance imaging, paroxys- 
mal nocturnal hemoglobinuria, 146:51 
Kidney, ultrasound ° 
American Burkitt lymphoma, 146:549 
caicium deposition, children, 146:1253 
cystic disease, fetal, 146:767 
Kimray-Greenfield filter 
complications, CT evaluation of, 147:45 
percutaneous femoral introduction {i}, 146:424 
percutaneous placement (I), 146:1317 
Kiatskin tumor, sonographic diagnosis of, 147:509 
Klippel-Trenaunay-Weber syndrome, cutaneous 
and visceral hemangiomata, sonography, 
147:598 
Knee 
locking and unlocking, arthrographic demonstra- 
tion, 146:575 
1.5-T surface-coil MRI, 147:293 


L 


Laparotomy, bile-duct dilatation after, 147:729 
Laser therapy, obstructing carcinoma, esophagus 
and stomach, radiographic appearance after, 
146:519 
Lead poisoning 
intracranial calcification in, CT findings, 146:267 
radiologic diagnosis of, 146:245 
Leriche syndrome, angiography, CT, and sonog- 
raphy (a), 146:1106 
Leukemia, lymphocytic, extramedullary hemato- 
poeisis in, 147:846 
Leukocyte scan 
indium-111, myocarditis {1}, 147:216 
indium-111-labeled, chronicity of infection and, 
147:809 
tumor uptake of indium-111, 146:621 
Leukocytes, indium-111-labeled, detection of pros- 
thetic vascular graft infections, 147:173 
Leydig-cell tumor, ultrasound in (a), 146:177 
Limb-body wall complex, in utero sonographic 
diagnosis, 146:1019 
Lisfranc’s joint, stress fractures of second meta- 
tarsal (a), 147:219 
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Liver 
Budd-Chiari syndrome 
MRI, 146:1141 
review, 147:9 
cancer, gadolinium-DTPA, MRI, 147:357 
cirrhosis 
portal vein thrombosis in (a), 146:427 
ruptured hepatocellular carcinoma complicat- 
ing (a), 146:178 
complications of bone marrow transplant (a), 
147:440 
disease, radiology impact on, 147:1117 
extrahepatic cavernous hemangiomas, CT and 
MRI, 147:1299 
hemangioma, dynamic bolus CT, 147:711 
hepatic cavernous hemangioma, atypical radi- 
ographic findings in, 146:1149 
ischemic necrosis, fetal liver calcification and, 
147:596 
malignant disease, multiple bile-duct hamartoma 
simulation of, CT and sonography for, 
147:279 


mesenchymal hamartomas, sonographic and CT- 


findings, 147:1035 
metastases 
colonic carcinoma, *"TC-HMDP in, 146:333 
interstitial radiation therapy for, 147:275 
preoperative imaging (a), 146:1320 
MRI, 147:1103 
patterns of childhood injury, computed POE 
phy, 147:1199 
pediatric, CT and MRI, 147:785 
quadrate lobe, pseudotumor in, sonography, 
147:923 
subcapsular metastasis, ovarian cancer and (a), 
147:444 
transplantation 
angiographic and radiologic interventional con- 
siderations, 146:143 
hepatic artery thrombosis after, 146:137 
impaired lymphatic drainage in, CT, 147:519 
MRI evaluation of portal vein, 147:1027 
vascular complications after, 147:657 
volume determination, sonography and CT (a), 
146:177 
Liver, computed tomography, masses, 146:729 
Liver, ultrasound 
diffuse benign disease, 146:1011 
diffuse parenchymal disease (a), 146:177 
monitoring of cryosurgery, 147:665 
regenerating nodules, cirrhosis, 146:533 
Longus coli, calcific tendinitis of, CT, 147:742 
Lumbar herniated disk disease, canal stenosis 
and, coil MR, CT, and myelography, 147:757 
Lung 
air bronchogram, sonography, 147:593 
amiodarone toxicity, gallium scintigraphy, 
147:607 
cancer 
postoperative recurrence, whole-body gallium 
scintigraphy, 147:911 
radiotherapy {b}, 146:774 
horseshoe, 146:211, 146:217 
indium-111 oxine-labeled white blood cell uptake, 
147:601 
lower lobes, segmental bronchovascular anat- 
omy, CT, 147:457 
metastases, radiologic contributions to manage- 
ment, 147:473 
nonlymphomatous lymphoid disorders, 147:227 
non-small-cell bronchogenic carcinoma, CT in 
preoperative staging, 146:285 
parenchyma, CT, mosaic oligemia, 147:670 
persistent abnormalities, bronchopulmonary dys- 
plasia (a), 147:649 
plasma cell granuloma, case of day, 146:1080 
pulmonary emboli, MRI, 147:1133 
tuberculosis, radiographic features, 146:497 
Lung, radiography, carcinoid, atypical, 146:665 
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Lymphadenopathy, sinus histiocytosis with (a), 
146:179 
Lymphangioma 
intra-abdominal cystic, mesenteric cysts and (a), 
146:1319 
vertebral, lymphographic documentation of (a), 
146:177 
Lymphangiomyomatosis, pulmonary, chest case 
of day, 146:1083 
Lymph node 
see also Lymphoma 


calicfied mediastinal, CT demonstration (p), 


147:17 
impaired drainage, liver transplants and, CT, 
147:519 . 
intramammary, breast cancer metastasis to, 
146:133 
mediastinal, CT and autopsy, 147:469 
Lymphography, vertebral lymphangioma (a), 
146:177 
Lymphoid disorders, nonlymphomatous, lung, 
147:227 
Lymphoma 


American Burkitt, renal sonography in, 146:549 
early gastric, radiologic manifestations of, 
146:513 
Hodgkin's, thallium-201 parathyroid scan of me- 
diastinum in, 147:819 
non-Hodgkin 
bone, musculoskeletal case of day, 146:1088 
central nervous system involvement (a), 
146:887 
classification (e), 147:205 © 
primary central nervous system, CT and pene 
logic correlation, 147:747 
Lymphoscintigraphy, internal mammary, breast 
carcinoma (a), 146:431 


Magnetic resonance imaging 

abnormal pericardium, 147:245 

albumin-(Gd-DTPA) and Gd-DTPA ll cals 
147:1263 

arachnoid cysts, sacrum, 146:359 

artifacts, 147:1271, 147:1283, 147:797 

blood and blood products, 146:1293 

Budd-Chiari syndrome, 146:1141 

cardiac gated, perivalvular infectious pseudo- 
aneurysms, 147:253 

chemical shift, 146:971 

comparing costs and efficacy, commentary, 
146:1307 

comparison with CT, brain and cervical spine 
diseases (a), 146:653 

contrast agents, optimal pulsing sequences, 
147:367. 

contrast imaging (a), 146:433 

CT and 

cerebral, dementia (a), 146:178 
head and neck (b), 146:518 

diffusion in U.S. (e), 147:856 

diffusion of, 146:963 

endoscopic biopsy and, Egyptian mummies, 
146:93 

exercise, new device, 147:1289 

facility, computer patient database management, 
146:871 

gated cardiac, right anterior oblique position, 
147:33 

intervertebral disk (a), 146:429 

localized tissue spectroscopy, 147:1327 

multiple sclerosis, 147:571 

neuroblastoma, 146:251 

neurosarcoidosis, steroids and, 146:819 

nonorthogonal, multiple-angle, variable-interval, 
147:363 

normal pericardium, 147:239 

optimally oriented, measurement of normal left 
heart dimensions, 146:75 

orthopaedic surgery (a), 146:884 
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pediatric (b), 146:1140 
periventricular hyperintensity, 146:443 
primary bone and soft-tissue tumors, 146:749 
simulator, instruction in pulse-sequence selec- 
tion, 147:199 
skeletal muscle, 146:565 
solenoid surface coils in, 146:409 
spectroscopy (a), 146:1107 
spin-echo, blood flow and, 146:931 
status in 1986, 453 
Stroke syndromes (a), 146:431 
surface coil (a), 146:178 
technique for image salvage, 147:1052 
temporal lobe epilepsy (a), 146:653 
two-dimensional Fourier transformation tech- 
nique, truncation errors, 147:1283 
vascular malformations, 146:1223 
Magnetic resonance imaging, abdomen 
puerperal ovarian-vein, 147:291 
sickle cell anemia, 147:843 
Wilms’ tumor, 146:955 
Magnetic resonance imaging, adrenal, indeter- 
minate masses, 147:493 
Magnetic resonance imaging, arteries 
congenital abnormalities, 146:941 
Takayasu’s arteritis, angiography and, 146:949 
Magnetic resonance imaging, bladder 
CT-surgical correlation, staging of carcinoma, 
146:1179 
prostate and, value in review of, 147:732 
Magnetic resonance imaging, bone 
malignant infiltration, 146:353 
stress fracture, 147:553 
Magnetic resonance imaging, brain 
foci of signal, anterior frontal horns, 147:331 
iron, 147:103 
occult vascular formations, 147:985 
radiation injury, 147:119 
Magnetic resonance imaging, breast, diagnosis 
of disease, 146:119 
Magnetic resonance imaging, cranium 
CT comparison, head injury, 147:1215 
extracranial hematoma, 146:403 
Gd-DTPA, brain, 147:1223, 147:1231 
intracranial hemorrhage (a), 146:1106 
pediatric abnormalities (a), 146:886 
Magnetic resonance imaging, heart 
central pulmonary arterial tree, conotruncal mal- 
formation, 147:1127 
dissection of the aorta, 146:1286 
myocardial infarction, 146:315 
overview, 146:907 
reperfused myocardial infarct, dog, 146:925 
thoracic aortic aneurysms, 146:309 
Magnetic resonance imaging, hip, avascular ne- 
crosis, 147:67 
Magnetic resonance imaging, joint, fluid, normal 
and ischemic hip, 146:1215 
Magnetic resonance imaging, kidney 
paroxysmal nocturnal hemoglobinuria, 146:51 
polycystic disease, renal cysts in, 146:1167 
transplantation, 147:949, rejection in, 147:954 
Magnetic resonance imaging, knee, 1.5-T sur- 
face-coil, 147:293 
Magnetic resonance imaging, liver 
Budd-Chiari syndrome, 147:9 
children, 147:785 
dynamic spin-echo, gadolinium-DTPA, 147:357 


extrahepatic cavernous hemangiomas, 147:1299. 


hepatic venous drainage, inferior vena cava ob- 
struction, 147:635 

splenorenal shunts, 146:597 

technical and clinical advances, 147:1103 

transplant, MRI evaluation of portal 
147:1027 

Magnetic resonance imaging, lung 

pulmonary airspace disease, 146:1123 

pulmonary emboli, 147:1133 

pulmonary vascular resistance, congenital cardi- 
ovascular shunt lesions, 146:919 


vein, 
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Magnetic resonance imaging, neck, normal and 
diseased thyroid, 147:1255 
Magnetic resonance imaging, parathyroid gland, 
tumors, surface coils, 147:497 
Magnetic resonance imaging, pelvis 
female, 146:1115 
pelvimetry, 147:409 
Magnetic resonance imaging, pituitary, adenoma, 
cavernous sinus invasion by, 146:257 
Magnetic resonance imaging, prostate 
bladder and, value in review of, 147:732 
carcinoma detection, 146:351, 146:543 
Magnetic resonance imaging, rectum, staging 
cancer, 146:1155 
Magnetic resonance imaging, spine 
chronic injury, 1473125 
dysraphism, infants and children, 147:339 
lesions of posterior fossa and upper cervical cord, 
childhood (a), 146:179 
lumbar, anatomic correlations and technical vari- 
ations, 147:891 
lumbar herniated disk disease, canal stenosis 
and, 147:757 
Surface coils in, 147:373, dynamic range 
compression, 147:379 
tuberculous spondylitis, 147:79 
Magnetic resonance imaging, thorax, venous ob- 
struction, 146:679 
malignant and benign masses, CT discriminators 
of (I), 146:1316 
Malpractice, radiologists and, 147:1291 
Mammography 
breast cancer 
metastasis, 
146:133 
nonpalpable, 146:661 
calcification in, significance in breast carcinoma 
{a}, 147:864 
density of tissue (e), 147:487 
grids, stationary and moving, 147:491 
grids and (1), 147:860 
high-contrast, moving grid, 146:1137 
male breast disease, 146:127 
report (I), 147:1332 
screening, 147:689, baseline, 147:1149 
screening (e), 147:195 
screening (I), 147:1091 
therapy (I), 146:1100 
transillumination light scanning comparison, 
breast lesions, 147:191 
Maternity, impact on radiologists (e), 146:415 
Maxial-orbital fractures, medial, CT (a), 146:1108 
Maxillofacial pantomography, interpretation {b}, 
146:1324 
Mediastinal collateral arteries, coarctation of the 
aorta, 146:757 
Mediastinum 
mass, pericardial effusion presenting as (a), 
146:1102 
solid bronchogenic cyst, mineralogic analysis, 
146:73 
transesophageal sonography (a), 146:1102 
tumor, circumflex retroesophageal right aortic 
arch simulation of, 146:491 
venous obstruction, MRI, 146:679 
Medtronic hall valve prosthesis, radiographic ap- 
pearance, 146:485 
Megacaiyces, congenital, primary megaureter and, 
147:313 
Megacolon, see Colon 
Megaureter, primary, congenital megacalyces and, 
147:313 
Memorials 
Abrams, Raymond M., 1917-1986, 147:1288 
Baltaxe, Harold A., 19381-1985, 146:604 
Biello, Daniel R., 1947-1986, 147:784 
Bird, Gustavus C., Jr., 1910-1984, 146:1326 
Dotter, Charles Theodore, 1920-1985, 146:1321 
Gruentzig, Andreas Roland, 1939-1985, 
146:118 


inttamammary lymph nodes, 
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Harrison, R. Stewart, 1906-1986, 147:28 
Judkins, Melvin P., 1922-1985, 146:1324 
Miller, George Andrew, Sr., 1920-1985, 146:326 
Ricketts, Howard James, 1932-1986, 147:16 
Wexler, Howard Alan, 1940-1986, 147:1062 
Meniscus, see Knee 
Mesenteritis, retractile, colon, 147:937 
Mesentery 
cysts 
intra-abdominal cystic lymphangiomas and (a), 
146:1319 
retroperitoneal cysts and (a), 146:1320 
Metaphyseai lesion, abused infants, radiologic 
characteristics, 146:895 
Methyl-tert-butyl ether, gallstone dissolution with, 
percutaneous cholecystostomy, 146:865 
Metoclopramide, pancreatic sonography and, 
146:341 
Metrizamide 
CT cisternography, cerebrospinal fluid rhinorrhea 
(a), 146:885 
lumbar myelography 
aseptic meningitis secondary to, infant (a), 
146:655 
complications in diabetics, 146:1057 
myelography 
cervical (a), 146:1109 
CT scanning and (a), 146:1108 
Metrizamide, iohexol comparison, cognitive and 
affective changes after, 147:777 
Microbubbles, contrast agent, catheter manipula- 
tion, 147:347 
Microcolon, see Colon 
Miller, George Andrew, Sr. (m), 146:326 
Mitral valve, regurgitation, echocardiography (a), 
146:650 
Mosaic oligemia, simulation of pulmonary infil- 
trates, CT, 147:670 
MRI in, 146:443 
Mucopolysaccharidosis, narrow trachea in (a), 
146:180 
Multiimaging evaluation, chronic acalculous gall- 
bladder disease, 147:721 
Multiple sclerosis 
see also Brain 
MRI and clinical correlation, 147:571 
Muscle, skeletal, MRI imaging, 146:565 
Muscular dystrophy, esophageal motor function in 
(a), 147:442 
Musculoskeleta! system 
case of day, 146:634, 146:1090 
three-dimensional imaging, 147:545 
Myelodysplasia, normal kidney growth and, chil- 
dren, 146:615 
Myelofibrosis (b), 146:30 
Myelography 
cervical, metrizamide (a), 146:1109 
cognitive and affective changes after, metriza- 
mide and iohexol, 147:777 
CT scanning and, metrizamide (a), 146:1108 
cystic necrosis, Compressive cervical myelopa- 
thy, 147:767 
lumbar 
metrizamide, aseptic meningitis secondary to, 
infant {a}, 146:655 
metrizamide, complications 
146:1057 
outpatient (a), 146:885 
lumbar herniated disk disease, canal stenosis 
and, 147:757 
Myelomeningocele, progressive spasticity and 
scoliosis in (a), 146:653 
Myelopathy, compressive cervical, CT-myelogra- 
phy, 147:767 
Myocarditis 
indium-111 leukocyte:scanning (I), 147:216 
Kawasaki disease in, indium-111 leukocyte scan- 
ning localization in, 146:255 
Myocardium, see Heart: 


in diabetics, 


w T at TE, Bey, 
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Myositis ossificans, musculoskeletal case of day, 


146:1090 
N 
Nasal cavity, pseudotumor, anatomic basis of, 
147:782 


Nasopharyngeal mass, Foley catheter simulation 
of, neuroradiology case of day, 146:1095 
Nasopharyngography, normal (p), 147:145 
Neck 
carotid bifurcation, incremental dynamic CT, 
146:465 
masses, ultrasound, children, 146:609 
penetrating vascular injuries, angiography, 
147:995, (e}147:1000 
Necrotizing enterocolitis, neonatal, enterocyst for- 
mation as a complication of, 147:806 
Needle guidance system, aspiration and drainage, 
14731241 
Neoplasm, see specific organ; region 
Nephritis, hemorrhagic focal bacterial, Gray-scale 
sonography and CT findings, 146:1173 
Nephrostolithotomy 
kidney changes after, 147:283 
percutaneous (a), 146:887 
Nephrostomy 
intercostal-space, percutaneous stone removal 
and, 147:393 
percutaneous catheter, indwelling ureteral stent 
placement and, 147:832 
percutaneous (I), 146:882 
Neuroblastoma 
cystic, infants, 146:113 
egg-shell calcifications, children (a), 146:432 
magnetic resonance imaging, 146:251 
opsomyoclonus, CT scanning in, 146:781 
primary (a), 146:1108 
Neuroradiology 
AIDS, 147:977 
case of day, 146:637 
Neurosarcoidosis, steroids and, CT and MRI, 
146:819 
Neurosonography 
intraoperative, time requirement for, 146:815 
microbubbles as contrast agent for, catheter ma- 
nipulation, 147:347 
Nonsteroidal antiinflammatory drugs, serpiginous 
gastric erosions caused by, 146:31 
Nuclear magnetic resonance imaging, see Mag- 
netic resonance imaging 
Nuclear medicine 
annual 1985 (b), 146:294 
Budd-Chiari syndrome, 147:9 
Nucleus polposus, herniated, spontaneous regres- 
sion (I), 146:882 


0 


Occlusion, short-term, drug uptake and, 146:375 
Oligohydramnios, 16 and 30 weeks gestation, son- 
ographic evaluation, 146:1277 
Omphalocele 
gastroschisis and 
fetal, 147:1047 
fetal, sonographic diagnosis, 147:797 
Oncology 
diagnostic, clear cell sarcoma of the kidney, 
146:64 
radiation (b), 146:970 
Ophthalmology, diagnostic imaging (b), 146:1282 
Opsomyoctonus, CT scanning in, 146:781 
Optic nerve, meningiomas (a), 146:430 
Orthopedic surgery, MRI (a), 146:884 
Osteoblastoma, spine (a), 147:648 
Osteoid-osteoma, spine (a), 147:648 
Osteoma 
see also Bone 
osteoid, musculoskeletal case of day, 146:1092 
Osteomyelitis, multifocal, chronic recurrent, 
147:87 
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Osteoporosis,, densitometric screening for (l), 
14147:1329 
Osteosarcoma 
see also Bone 
parosteal, radiolucencies (a), 146:884 
Ovary, cancer, subcapsular liver metastasis in (a), 
147:444 


P 


PACS, what radiologists say (e), 146:418 
Pancreas 
benign insulinoma, sonography, 147:929 
calcifications, pancreatic insufficiency and (a), 
147:441 
fat depositions, sonography and, 146:1017 
lipomatosis, Schwachman-Diamond syndrome 
(a), 146:433 
mass occupying lesions, CT diagnosis (a), 
146:428 
pancreatitis 
abscesses in, CT (a), 146:1321 
diagnosis of (a), 146:177 
pseudocyst 
percutaneous 
147:1007 
spontaneous rupture into portal venous sys- 
tem, 147:935 
Simultaneous renal transplant, scintigraphy, 
147:1193 
tumors, fine-needle aspiration biopsy in, 147:399 
Pancreas, ultrasound, metoclopramide and, 
146:341 
Pancreatic mumps, reaction to contrast media, 
147:188 
Pancreaticobiliary ductal union, gallbladder carci- 
noma and, 147:442 
Pancreatic pseudomass, second portion of duo- 
denum, water-aided sonography and, 
147:281 
Pancreatitis, see Pancreas 
Pancreatography, retrograde dorsal (a), 147:441 
Papaverine 
coronary vasodilator (I}, 147:1095 
incompatibility with hexabrix, 146:1300 
incompatibility with hexabrix (I), 147:1096 
Parathyroid gland 
imaging (b), 146:1010 
tumors, MRI with surface coils, 147:497 
Pediatric radiolagy 
aortoiliac compression, 
146:1273 
arterial catheters, complications of (a), 146:655 
aseptic meningitis, secondary to metrizamide 
lumbar myelography, infant (a), 146:655 
Bechet syndrome, involving gastrointestinal tract 


aspiration and drainage, 


distended bladder, 


(a), 147:218 

bile duct dilation, immunodeficiency and (a), 
146:432 

bronchopulmonary foregut malformations, 
146:227 


cerebral abnormalities (a), 146:886 

chronic recurrent multifocal osteomyelitis, 147:87 

cilia syndrome, chest film in (a), 147:863 

cranial radiation, CT evaluation of, 147:587 

craniocervical junction, ultrasound, 147:133 

delayed hemorrhagic infarction (a), 146:888 

digital subtraction angiography (a), 146:1323 

end-stage kidneys, fatal outcome after renal abla- 
tion, 146:593 

facial port-wine stains, Sturge-Weber syndrome 
and (a), 146:432 

fetal anomalies, oligohydramnios between 16 and 
30 weeks gestation, 146:1277 

focal cerebral hypopertusion, dysphasia or atten- 
tion deficit disorder (a), 146:655 

gastrointestinal malformations, antenatal sono- 
graphic diagnosis of (a), 146:432 

giant cell reparative granuloma, cranial vault (a), 
146:655 
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hemorrhage and cyst development, cavum septi 
pellucidi (a), 146:888 

hip joint fluid, vacuum phenomenon and (a), 
147:218 

histiocytosis X, healing rates in bone (a), 146:655 

horseshoe lung, 146:211, 146:217 

humerus, distal end, arthrography of fractures 
(a), 147:649 

Hurler's syndrome (a), 146:433 

hydrocephalus, idiopathic external (a), 147:863 

hyperimmunogiobulinemia E syndrome {a}, 
147:864 

hypertrophic gastropathy, 147:1031 

hypertrophic pyloric stenosis, sonography (a), 
147:649 

ileal stricture, complication of Henoch-Schoniein 
purpura (a), 147:443 

indium-111 leukocyte. scanning, early I ale 
in Kawasaki disease, 146:255 

infantile infectious sacroilitis (a), 146:888. 

interventional genitourinary, 147:791 

ischemic hepatic necrosis, fetal, 147:596 

Kawasaki disease, Doppler detection of (a), 
147:218 

liver, MRI and CT, 147:785 

liver injury, CT, 147:1199 

liver transplant, MRI evaluation of portal vein, 
147:1027 

malignancies, peritoneal and mesenteric involve- 
ment, CT {a), 147:864 

mechanical ventilation, gastrointestinal perfora- 
tion in (a), 146:432 

mesenchymal hamartomas, liver, 147:1035 

metaphyseal fesion, abused infants, 146:895 

microcoion of prematurity, 146:239 

MRI in neuroblastoma, 146:251 

neck masses, sonography, 146:609 


neonatal chest, extracorporeal membrane oxy- 


genation, 146:1257 

neuroblastoma, egg-shell calcifications (a), 
146:432 

normal renal growth, myelodysplasia and, 
146:615 

omphalocele and gastroschisis, fetal, 147:797 

opaque chest, bronchial foreign body (a), 147:649 

optic nerve glioma, posterior visual pathway in- 
volvement (a), 147:864 

pancreatic lipomatosis, Schwachman-Diamond 
syndrome (a), 146:433 

percutaneous endoscopic gastrostomies (a), 
146:1323 ; 

percutaneous nephrostolithotomy (a), 146:887 

persistent pulmonary abnormalities, bronchopul- 
monary dysplasia (a), 147:649 

portal hypertension, porto-caval anastomosis in 
(a), 146:654 

preoral pneumocolon, 146:763 

presence of parents during imaging procedures 
(e), 146:639 

pseudoomphalocele, 146:1283, 147:797 

radial growth plate, stress-related widening of (a), 
147:863 

renal calcium deposition, ultrasound, 146:1253 

renal candidiasis, neonatal, 147:801 

renal cystic disease, fetal, 146:767 

respiratory syncytial virus infection (a), 147:218 

rib osteomyelitis (a), 146:654 

septic shock, group B streptococcal sepsis and 
periventricular Jeukomalacia (a), 146:432 

soft tissue calcification, vitamin E injection and 
(a), 147:443 

sonographic study, cerebral ventricles, neonate, 
146:471 

subdural hemorrhage, in utero (a), 146:887 

thigh, computed axial tomographic scanning {a), 
147:650 

three-dimensional CT reformation, 146:1261 

tracheal dimensions, 146:233 

tracheal dimensions {)}, 147:1094 

tracheobronchitis, necrotizing (a), 147:443 
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traumatic uteropelvic disruption (a), 147:218 


ultrasound, idiopathic arterial calcification, 
146:249 

umbilical artery, dystrophic calcification in {a}, 
146:654 


urinary tract, contrast sonography (a), 147:649 
Pelvimetry, MRI, 147:409 
Percutaneous puncture, serial embolization, ex- 
tremity arteriovenous malformation, 
146:1038 
Percutaneous transluminal angioplasty, see An- 
giopiasty 
Periappendiceal abscess, CT in management of, 
146:1161 
Pericardium 
abnormal, MRI, 147:245 
normal, MRI, 147:239 
Peritoneography, CT, pediatric dialysis complica- 
tions, 147:325 
Peritoneovenous shunt, evaluation of patency, in- 
traperitoneal Tc-99m macroaggregated al- 
bumin, 147:177 
Perivalvular abscesses, MRI, 147:253 
Perivalvular infectious pseudoaneurysms, MRI, 
147:253 
Periventricular hyperintensity, MRI in, 146:443 
Periventricular leukomalacia, sonography, 
1486:1067 
Petit's hernia, CT, 147:744 
Pharynx, hypopharynx tumors, CT (a), 146:430 
Pheochromocytoma, unenhanced CT, 146:741 
Phiebitis, portal, abdominal case of day, 146:1077 
Phiegmons, CT in management of, 146:1161 
Physics, radiological (b), 146:678 
Pick’s disease, CT, 147:963 
Pineal gland 
germinal-cell tumor, 146:1246 
tumors, CT of, 146:451 
Pituitary gland 
adenoma, cavernous sinus invasion by, CT and 
MRI signs of, 146:257 
Cushing syndrome, CT, 146:1235 
posterior, CT demonstration of, 146:263 
Pituitary tumors, CT (a), 146:886 
Plasma cell disease, review (a), 146:429 
Pleural effusion, malignant, complication of biliary 
drainage, 146:1165 
Pneumatic antishock garment, apparent arterial 
occlusion and, traumatic angiography, 
147:391 
Pneumocoion, preoral, children, 146:763 
Pneumocystis carinii, pneumonia, spontaneous 
pneumothorax with, AIDS patients, 147:29 
Pneumonia 
organizing, bronchiolitis obliterans with, 147:899 
Pneumocystis carinii, spontaneous pneumo- 
thorax with, AIDS patients, 147:29 
Pneumosinus dilatans, orbital (a), 146:430 
Pneumothorax 
colopleural fistula, strangulated diaphragmatic 
hernia with, 146:321 
significant delayed (1), 147:1090 
spontaneous, with pneumonia, AIDS patients, 
147:29 
Polycystic kidney disease, see Kidney 
Polyvinyl alcohol foam, embolization, radiopaque 
suspension, 146:591 
Portacaval shunt, expandable intrahepatic, chronic 
portal hypertension, 147:1251 
Portal venous system 
congestion index, 146:735 
rupture of pseudocyst, pancreatic, 447:935 
sonographic and pulsed-Doppler evaluation {a), 
147:864 
Portography, digital indirect, 147:39 
Positron emission tomography 
brain {b}, 146:690 
dopamine receptor images (a), 146:886 
glioma patients (a), 146:653 
Posttraumatic dementia, CT, 147:963 - 
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Pregnancy 
abdominal, sonographic findings, 147:1043 
fluoroscopy and (e), 146:415 
Proptosis, CT volumetric analysis, 146:459 
Prostate 
cancer, MRI, 146:543 
carcinoma, MRI/CT-guided biopsy, 146:351 
lesions, transrectal sonography, 146:1187 
MRI value in review, 147:732 
Prostatism 
excretory urography in, 147:957 
routine urography in, 147:960 
Pseudarthrosis, diagnosis, posterior spinal fusion 
for scoliosis (a), 146:1103 
Pseudocyst 
pancreatic 
benign rupture into portal venous system, 
147:935 
percutaneous 
147:1007 
Pseudoomphalocele, fetal sonography, 146:1283, 
147:797 
Pseudotumor 
nasal cavity, radiography, 147:782 
quadrate lobe, liver, sonography, 147:923 
Psoas abscess, CT diagnosis (a), 146:1105 
Pulmonary airspace disease, MRI, 146:1123 
Pulmonary alveolar proteinosis, bronchopuimo- 
nary lavage in, chest radiography, 146:981 
Pulmonary artery, central, MRI, conotruncail mal- 
formation, 147:1127 
Pulmonary disease, talc and, 146:295 
Pulmonary embolism 
perfusion impairment, radiographic assessment 
(a), 147:440 
short-term prophylaxis, retrievable vena cava fil- 
ter, 147:836 
Pulmonary function tests, CT ANE A with, sil- 
icosis, 146:477 
Pulmonary nodule, solitary, CT, 147:21, 147:26 
Pulse-sequence selection, instruction for, MRI 
simulator, 147:199 


aspiration and drainage, 


Pyelography, emergency intravenous (a), 
146:1322 
Pylethrombosis, protean manifestations of (a), 
146:1321 
Q 


Quadriplegia, diffuse idiopathic skeletal hyperos- 
tosis, after minor trauma (i), 147:858 


R 


Radial growth plate, stress-related widening, ad- 
olescents (a), 147:863 
Radiation injury, brain, MRI, 147:119 
Radiation physics, medical, Progrese in (b), 1486:24 
Radiation therapy 
calcified ascending aorta after, 147:477 
cranial, CT evaluation of effects, 147:587 
interstitial, hepatic metastases, 147:275 


Radioactivity, measurements procedures (b), 
146:532 

Radiodiagnosis, skull (b), 146:476 

Radiography 


see also specific organ 
interpretation for general practitioners (b), 146:80 
x-rays, health effects (b), 146:774 
Radiography, digital, symposium on (b), 146:86 
Radiography, imaging, oriental cholangiohepatitis, 
146:327 
Radiography, injurious effects, contrast medium, 
acute thrombocytopenia, 146:1298 
Radiography, technique 
assessment of perfusion impairment, pulmonary 
embolism (a), 147:440 
atypical carcinoid, lung, 146:665 
bladder calculi, scrotal cystocele with, 147:287 
bronchiolitis obliterans, with organizing pneu- 
monia, 147:899 
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catheter perforation, superior vena cava, 146:487 


cervical spine, hyperextension dislocation, 
146:803 
chest 


aortic dissection, 147:1123 
CT and pulmonary function test correlation, 
silicosis, 146:477 
extracorporeal membrane oxygenation, neo- 
natal, 146:1257: 
colonic polyps, single-contrast vs double-con- 
trast barium enema in, 146:993 
computer-generated' examinations, 146:413 
congenital megacalyces, primary megaureter 
and, 147:313 : 
contrast agents, comparison of, 147:185 
conventional and computed .tomography, spiral 
fractures of tibia (a), 147:219 
cystic neuroblastoma, 146:113 
digital-scout, drainage of percutaneous abscess, 
147:406 
diminutive polyps, colon (e), 146:875 
double-contrast, esophageal mucosa (a), 
146:651 
early esophageal cancer, 146:507 
elbow trauma, radial head—capitellum view, 
146:81 
esophagus and stomach, laser treatment for ob- 
structing carcinoma, 146:519 
functional adrenal disease, anomalous kidneys 
and, 147:289 
hemophilia, diagnostic imaging (b), 146:80 
hepatic cavernous hemangioma, 146:1149 
hip changes, spastic cerebral palsy, 146:1219 
hip ossification, infant, 147:317 
horseshoe lung, 146:211 
incomplete carpal coalition, 147:301 
kinked catheters, 146:789 
lower esophageal mucosal ring, 147:261 
Medtronic hall ‘valve prosthesis, 146:485 
multiphasic, reflux esophagitis (a), 147:441 
plain film evaluation 
abdominal pain, 147:501 
double images, 147:1312 
primary central nervous system lymphoma, 
146:271 
pseudotumor, nasal cavity, 147:782 
pulmonary alveolar proteinosis, 146:981 
pulmonary tuberculosis, 146:497 
radial head—capitellum view, elbow trauma, 


146:81 

single-contrast and muitiphasic, gastric ulcer, 
147:697 i 

solenoid surface coils, MRI, 146:409 

spine 


burst fractures of, 147:575 
infection, intracsseous and intradiscal gas and, 
147:83 
Strangulated diaphragmatic hernia, pneumo- 
thorax and, 146:321 
thoracic venous anatomy (p), 147:674 
transhiatal esophagectomy, gastric interposition 
following (a), 146:651 
Radioisotope studies, ‘cardiology (b), 146:1010 
Radiologic-pathologic correlation conference, 
flank mass and hypertension, 146:67 
Radiologist, practicing, armchair research and, 
. Caldwell Lecture, 147:881 
Radiology 
AIDS, 147:977 
amy! nitrite test, pseudoachalasia distinguished 
from idiopathic achalasia, 146:21 
Barrett's esophaqus, '147:257 
cancer management and, 147:473 
computer applications in (b), 146:248 
congenital bronchopulmonary foregut malforma- 
tions, 146:227 
consultation, acute care surgical ward, 147:637 
device identification (e), 146:418 
diagnosis and management of bone tumors (a), 
146:1104 
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diagnostic, scientific literature in, 147:1055 
double-contrast technique, stomach, 147:1183 
duodenal ulcer detection (i), 146:424 
early American, 147:850 
early gastric lymphoma, 146:513 
hepatic artery thrombosis, after liver transplan- 
tation, 146:137 
horseshoe lung, 146:217 
hyperoxaluria, 146:395 
idiopathic megacolon (a), 146:651 
impact on hepatology, 147:1117 
interventional 
biliary, removal of bile duct stones, 146:383 
Cope introduction set, 146:381 
liver transplantation, 146:143 
interventional management, sclerosing cholangi- 
tis, 147:1002 
lead poisoning, 146:245 
linear gastric erosions, 147:701 
microcomputer-based graphics for, 147:1319 
night (}, 146:1100 
pediatric: see Pediatric radiology 
personal computer data-base 
147:1075 
physics, essentials of (b), 146:518 
physics (b), 146:678 
respiratory syncytial virus infection, children (a), 
147:218 
saphenous vein bypass graft, 146:605 
self assessment 
ear, nose, and throat (b), 146:1276 
gastrointestinal (b), 146:1276 
smail-bowel toxicity, floxuridine therapy, 146:39 
subspecialty, 147:1324 
techological volatility, aging radiologist and, 
147:1322 
terminology (I), 146:425 
test results, significance of. 147:1313 
today (b), 146:940 
X-ray imaging equipment (b), 146:232 
Radiology, clinical, joints and vertebral connec- 
tions (b), 146:1268 
Radiology, operations 
computer-assisted (b), 146:484 
computer-assisted scheduling, 147:203 
hemoccult screening, 146:697 
manpower: where are we? (e), 146:172 
spine tumors (b), 146:1030 
Radiology, pediatric, see Pediatric radiology 
Radiology, training, residents, computer-gener- 
ated examinations, 146:413 
Radiolucencies, parosteal osteosarcoma (a), 
146:884 
Radionuclide imaging, see Scintigraphy 
Radiopaque suspension, polyvinyl alcoho! foam 
for embolization, 146:591 
Radiotherapy, lung cancer (b), 146:774 
Rectosigmoid carcinoma, CT staging of, 146:703 
Rectum 
cancer, MR and CT staging of, 146:1155 
rectosigmoid carcinoma, CT staging of, 146:703 
Renai artery, fibromuscular dysplasia, reversible. 
147:737 
Renografin-60, urography. 147:839 
Respiratory distress syndrome, adult, chest case 
of day, 146:1085 
Respiratory syncytial virus infection, radiology in 
children (a), 147:218 
Retinoblastoma, computed 
146:179 
Retractile mesenteritis, colon, 147:268 
Retroperitoneal cysts, mesenteric cysts and (a). 
146:1320 
Retroperitoneum 
anatomy (p), 147:1155 
aortic rupture into (1), 146:421 
extraperitoneal spaces, 147:1162 
fibrosis, CT in distinguishing cause of, 146:57 
hemorrhage, femoral arteriography and, CT, 
146:1289 


system in, 


tomography {a}. 
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mass with intradural extension, magnetic reso- 
nance imaging, 146:251 
Retrorectal cystic hamartoma, see Taiigut cyst 
Rhabdomyolysis, nontraumatic, acute renal failure 
with, technetium-99m pyrophosphate imag- 
ing in, 147:815 
Ricketts, Howard James (m), 147:16 
Rotator cuff 
disorders (a), 146:1105 
impingement, 147:557 
operative repair, sonographic and arthrographic 
assessment (I), 147:646 
sonography of, 146:555, 146:561 
torn, arthrography after operative repair (a), 
147:219 
ultrasound (a), 147:648 


S 


Sacroilitis, infantile infectious (a), 146:888 
Sacrum 
arachnoid cysts, MRI, 146:359 
foraminal lines {i}, 146:648 
upper, transverse fracture (a), 146:1103 
Saphenous vein 
bypass 
angiography of, 147:51 
radiologic aspects, 146:605 
Schilder’s disease, myelinociastic diffuse sclerosis 
(a), 146:1108 
Schwachman-Diamond syndrome, pancreatic ii- 
pomatosis and (a), 146:433 


Schwannomas, benign, CT inhomogeneities, 
147:141 - 

Scimitar syndrome, horseshoe lung and, 146:211 

Scintigraphy 


acute acalculous cholecystitis, 147:1171 
gallium, amiodarone lung toxicity, 147:607 
Gaucher's disease type 1, 147:943 
hepatocellular carcinoma (a), 146:884 
hip, avascular necrosis, 147:67 
procedures (b), 146:716 
radiocolioid, Felty’s syndrome, 147:181 
simultaneous pancreatic-renal transplant, 
147:1193 
whole-body gallium, lung cancer, postoperative 
recurrence, 147:911 
Scintimetry, bone (a), 146:1104 
Scoliosis 
see also Spine 
idiopathic, isotope scanning with Tc-99m MDP 
{a), 146:1103 
posterior spinal fusion for, diagnosis of pseudar- 
throsis (a), 146:1103 
Scrotal cystocele, bladder calculi and, 147:287 
Seminoma 
see also body part 
advanced, chemotherapy treatment, CT evalua- 
tion, 146:745 
Septic shock, group B streptococcal sepsis, peri- 
ventricular leukomalacia and (a), 146:432 
Shoulder, rotator cuff diseases (a), 146:384 
Shoulder impingement syndrome, radiographic 
findings, 147:557 
Sickie cell anemia, MRi, spieen, 147:843 
Sigmoid diverticular disease, neoplasms and (a), 
146:1320 
Silicosis, CT, correlation with plain films and pul- 
monary function tests, 146:47 
Skin, granular cell tumors, 147:1305 
Skull 
radiodiagnosis (b), 146:476 
solitary eosinophilic granuloma (a), 146:654 
Sleep apnea, obstructive, dynamic upper airway 
narrowing (|), 147:1330 
Smail bowel, see intestine, Jejunum, Heum 
Society for Pediatric Radiology 
abstracts from 1986 meeting, 147:865 
1986 scientific program, Washington, OC, 
146:642 
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Society of Magnetic Resonance in Medicine, 
meeting in London, commentary, 146:1314 
Society of Uroradiology, abstracts from 1986 
meeting, 147:1082 
Soft tissue 
calcification, vitamin E injection and (a), 147:443 
hemorrhage, CT evaluation {l}, 147:1331 
tumors 
aspiration cytology in {a}, 4146:1105 
computer tomography {a}, 147:442 
diagnosis (b), 146:1046 
MRI and CT evaluation of, 146:749 
Solenoid surface coils, MRI, 146:409 
Sonography, see Ultrasound 
Spectroscopy 
MR, localized tissue, 147:7327 
NMR (a), 146:1107 
Speech, velopharyngeal insufficiency, videofluoros- 
copy of, 146:15 
Spermatic cord, tension (a), 146:7 103 
Sphincter of Oddi, functional obstruction, choles- 
cintigraphic detection (a), 147:442 
Sphincterotomy, antegrade transcholecystic (a), 
147:442 
Spine 
burst fractures, radiography, 147:575 
cervical, changes in juvenile rheumatoid arthritis 
{a), 147:443 
cystic necrosis, compressive cervical myelopa- 
thy, 147:767 
degenerative disorders, CT myelographic data, 
146:793 
dysraphism, infants and children, MRI, 147:339 
extraarachnoid metrizamide instillation, CT, 
147:583 
hyperextension dislocation. radiographic tea- 
tures, 146:803 


infection, intraosseous and intradiscal gas. 
147:83 
injuries, spondylosis and, 146:277 
lumbar 
MRI, 147:89% 


stenosis {a}, 146:1322 
osteoid-osteoma, osteoblastoma and {a} 
147:648 
pathomorphology of stenosis, CT (a), 146:1108 
radiology of tumors (b), 146:1030 
stenosis (a), 146:887 
thoracolumbar, Harrington instrumentation of (a). 
146:652 
Spine, computed tomography, intraspinal tumors. 
intravenous contrast enhancement, 146:103 
Spine, magnetic resonance imaging 
chronic injury, 147:125 
lesions of posterior fossa and upper cervical cord 
(aj, 146:179 
Spine, ultrasound, focal stenosis, disc disease and 
{a}, 147:443 
Spleen 
hyatid cyst {i}, 147:859 
nonparasitic cysts, radiologic-pathoiogic correla- 
tion, 147:537 
Splenorenal shunt, postoperative assessment with 
MRI, 146:597 
Spondylarthrography, apophyseai joint arthrogra- 
phy (a), 146:652 
Spondylosis. cervical spinal cord injuries and, 
146:277 
Steinberg, Samuel S. {m}, 146:1778 
Stent introducer, universal, 147:830 
Sternum, computed tomography (ph 147:72 
Steroids, neurosarcoidosis responding to, CT find- 
ings, 146:819 
Stomach 
double-contrast examination, flow technique for, 
147:1183 
laser treatment for obstructing carcinoma, radi- 
ographic appearance after, 146:519 
Stroke syndromes, MRI in (a), 146:431 
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Sturge-Weber syndrome, facial port-wine stains 
and, pediatric radiology (a), 146:432 

Subcortical arteriosclerotic encephalopathy, CT 
spectrum, 147:1209 

Subdural hemorrhage, in utero (a), 146:887 

Subglottic stenosis, congenital, elliptical cricoid 
cartilage, 146:1133 

Subphrenic abscess, percutaneous drainage, 
147:1237 

Suprasellar epidermoid, neuroradiology case of 
day, 146:1094 

Suture anchor, visceral drainage, 146:160 


T 


Tailgut cyst, CT and sonography, 1447:1309 
Takayasu’s arteritis, vascular imaging, MRI, 
146:949 
Talc 
inhalation or intravenous administration, manifes- 
tations in chest, 146:295 
manifestations in the chest (I), 147:439 
Tarsal coalitions, imaging techniques (a), 146:885 
Technetium-99m pyrophosphate imaging, acute 
renal failure, nontraumatic rhabdomyolysis, 
147:815 
Temporal lobe, epilepsy, NMR in (a), 146:653 
Tendinitis, calcific, longus coli, CT, 147:742 
Testis 
carcinoma, residual masses after successful 
chemotherapy, 146:1184 
embryonal carcinoma, non-Wilms’ intravascular 
mass, childhood (I), 146:1098 
impalpable neoplasm, sonography, 146:349 
malignancy, low-attenuation thoracic metas- 
tases, 146:291 
Thermography 
liquid crystal, thyroid {a}, 147:444 
male infertility and, 147:97 
piate, carpal tunnel syndrome (a), 146:1106 
Thoracic aorta, rupture, digital subtraction angiog- 
raphy (I), 147:1093 
Thoracic inlet, venous obstruction, MRI, 146:679 
Thoracic outlet syndrome, athletes, 146:809 
Thoracic venous anatomy, chest radiography {p), 
147:674 
Thorax 
case of day, 146:627, 146:1080 
extracorporeal membrane oxygenation, neonatal 


chest, radiographic appearance of, 
146:1257 

opaque, bronchial foreign body, children (a), 
147:649 


percutaneous trephine bone biopsy (a), 146:1103 
pulmonary alveolar proteinosis, 146:981 
rib osteomyelitis, radiologic and ultrasonic find- 
ings, children (a), 146:654 
talc manifestations in chest, 146:295 
timing of film follow-up, after transthoracic needle 
aspiration, 146:1049 
Thorotrast, hepatosplenic neoplasia, CT, 146:997 
Thrombectomy, angioplasty and, thrombosed syn- 
thetic hemodialysis access fistulas, 147:161 
Thrombin, direct percutaneous injection, coagula- 
tion of aneurysms and, 147:383 
` Thrombocytopenia, acute, parenteral radiographic 
contrast medium, 146:1298 
Thrombolysis, occluded femoropopliteal grafts, 
147:621 
Thrombolytic therapy, state of the art, 147:1 
Thrombosis 
acute coronary, state of the art, 147:1 
deep venous, effect of anatomic variations, 
146:845 
hepatic artery, after liver transplantation, 146:137 
puerperal ovarian-vein, MRI, 147:291 
Thymus, hyperplasia, after Cushing’s syndrome, 
147:1145 
Thyroid gland 
imaging (b), 146:1010 
liquid crystal thermography {a}, 147:444 
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MRI, 147:1255 
Tibia, proximal metaphysis, trampoline fracture in 
children, 146:83 
Tongue, infiltrations, sonographical-clinical-surgical 
correlation (a), 147:444 
Trabecular osteopenia, Colles’ 
147:443 
Trachea 
CT, adenoid cystic carcinoma, 146:1129 
dimensions, childhood (1), 147:1094 
growing, age and gender in, computed tomogra- 
phy, 146:233 
narrow, mucopolysaccharidoses (a), 146:180 
Tracheobronchitis, necrotizing (a), 147:444 
Transiliumination light scanning, mammography 
comparison, breast lesion detection, 
147:191 
Transplant 
liver 
angiographic and interventional radiologic con- 
siderations in, 146:143 
hepatic artery thrombosis after, 146:137 
vascular complications after, 147:657 
renal 
MRI, 147:949 
rejection, MRI, 147:954 
Transthoracic needle aspiration, pulmonary le- 
sions, 146:1049 
T-tube tract, insertion of biliary endoprosthesis, 
147:164 
Tuberculosis, pulmonary, radiographic features, 
146:497 
Tuberculous spondylitis, MRI of, 147:79 


fracture (a), 


U 


Ultrasound 
see also specific organ; region 
CT correlation, fibrous tissues and tumors, 
147:1067 
diffuse parenchymal liver disease (a), 146:177 
endoscopic (a), 146:427 
fetal 
limb-body wall complex, 146:1019 
oligohydramnios, 16 and 30 weeks gestation, 
146:1277 
pseudoomphalocele, 146:1283 
Gray-scale, hemorrhagic focal bacterial nephritis, 
146:1173 
hypertrophic pyloric stenosis, 
147:649 
idiopathic arterial calcification, infancy, 146:249 
Klippel-Trenaunay-Weber syndrome, 147:598 
normal anatomy (b), 146:690 
obstructive jaundice (I), 146:645 
pediatric (b), 146:1282 
physics and instrumentation (b), 147:490 
real-time 
acute cholecystitis (a), 146:1319 
aspiration and drainage, 147:1241 
tendinopathies, Achilles tendon, athletes (a), 
146:429 
tongue infiltrations (a), 147:444 
torcular herophili, 146:109 
transesophageal mediastinal (a), 146:1102 
urinary tract, children (a), 147:649 
Ultrasound, abdomen 
abdominal pregnancy, 147:1043 
acute acalculous cholecystitis, 147:1171 
aortic aneurysm, anechoic crescent in, 146:345 
bile-duct dilatation, after laparotomy, 147:729 
gallbladder wall, V-shaped artifact, 147:505 
portal venous system (a), 147:864 
real-time, Crohn’s disease (a), 146:1102 
taiigut cyst, 147:1308 
water-aided, pancreatic pseudomass, 147:281 
Ultrasound, bladder 
diagnosis of tumors (a), 147:443 
neonatal aortoiliac compression, 146:1273 
Ultrasound, brain 


children (a), 
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compressed and asymmetric lateral ventricles, 
neonates, 146:471 
craniocervical junction, neonate, 147:133 
periventricular stereotaxis (a), 146:178 
Ultrasound, breast, real-time, 147:479 
Ultrasound, carotid artery, hemorrhage detection, 
carotid plaque, 146:1061 
Ultrasound, colon, retractile mesenteritis, 147:937 
Ultrasound, cranium, peritrigonal echogenic blush 
on, 146:1067 
Ultrasound, extremities, distal, foreign bodies in, 
147:567 
Uitrasound, gallbladder, gallstones, chest pain 
and normal coronary arteries, 146:337 
Ultrasound, genitourinary system, Leydig-cell tu- 
mors (a), 146:177 
Ultrasound, heart 
atrial hemangioma, prenatal diagnosis, 147:1207 
laser Doppler velocimetry relations, simplified 
Bernoulli relations and (a), 147:216 
noninvasive pulsed Doppler echocardiographic 
detection, atrial septal defect (a), 146:176 
thoracic aortic aneurysms, 146:309 
ventricular shunt patency, 147:353 
Ultrasound, hip, ossification, infant, 147:317 
Ultrasound, intestines 
Crohn disease, postsurgical recurrence of, 
146:523 ; 
real-time, measurement of gastric emptying. (a), 
147:442 
Ultrasound, kidney 
American Burkitt lymphoma, 146:549 
calcium deposition, children, 146:1253 
choledocholithiasis (a), 147:441 
cystic disease, fetal, 146:767 
hypertrophied column of Bertin, 146:53 
urinary tract infection, differentiation of upper and 
lower, 146:775 
Ultrasound, liver 
artery aneurysms, 147:725 
Budd-Chiari syndrome, 147:9 
cryosurgery, monitoring of, 147:665 
diffuse benign disease, 146:1011 
in vivo volume determination (a), 146:177 
Kiatskin tumor, 147:509 
mesenchymal hamartomas, 147:1035 
metastases, interstitial radiation 
147:275 
multiple bile-duct hamartomas, simulating malig- 
nant disease, 147:279 
quadrate lobe, pseudotumor in, 147:923 
regenerating nodules, cirrhosis, 146:533 
Ultrasound, lung, air bronchogram, 147:593 
Ultrasound, neck, masses, children, 146:609 
Ultrasound, pancreas 
benign insulinoma, 147:929 
fat deposition in, 146:1017 
‘metoclopramide enhancement, 146:341 
Ultrasound, pediatric 
omphalocele and gastroschisis, 147:797 
renal candidiasis, neonatal, 147:801 
Ultrasound, pelvis, hip disease, children (a), 
146:1105 
Ultrasound, rectum, transrectal pelvic abscess 
drainage, 146:1047 
Ultrasound, shoulder 
rotator cuff, 146:555, 146:567 
rotator cuff and biceps tendon (a), 147:648 
tom rotator cuff (I), 147:646 
Ultrasound, spine 
focal stenosis, disc disease and (a), 147:443 
intraoperative, spinal (a), 146:887 
Ultrasound, testicular, impalpable neoplasm, 
146:349 
Ultrasound, transrectal 
distal ureteral calculi, 147:1189 
prostatic lesions, 146:1187 
Ultrasound, umbilical, pseudoaneurysm, 147:322 
Umbilical artery 
dystrophic calcification in, children (a), 146:654 


therapy, 
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pseudoaneurysms, sonography, 147:322 
Urachus, carcinoma, abdominal case of day, 
146;1075 
Uremia, terminal, ethanol renal ablation and, 
146:593 
Ureter 
distal, calculi, transrectal sonography, 147:1189 
polyps, congenital, 147:1044 
retrograde catheterization, via the ileal conduit, 
146:61 
vesicoureteral reflux, excretory urography (), 
146:647 
Ureteral stent 
antegrade 
147:830 
placement, shearing percutaneous nephrostomy 
catheter during, 147:832 
Ureteropelvic disruption, children (a), 147:218 
Ureteropelvic junction, obstruction, abdominal 
pain (a}, 146:1103 
Urinary tract 
contrast sonography (a), 147:649 
upper and lower infection, sonography in differ- 
entiation of, 146:775 
Urography 
excretory 
distal ureteral calculi, 147:1189 
patients with prostatism, 147:957 
vesicoureteral reflux (I), 146:647 
renografin-60 for, 147:839 
routine, men with prostatism, 147:960 
Urokinase-lys-plasminogen, intraarterial infusion 


insertion, universal introducer, 
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therapy, complications in arterial ischemia of 
lower limbs, 146:157 
Uterus, developmental abnormalities, 147:1197 


Vv 


Vacuum phenomenon 
hip joint fluid {a), 147:218 
intervertebral disk, 147:83 
Vagina, unilateral imperforate, uterine duplication 
and normal kidneys, 147:1197 
Vascular disease, noninvasive diagnostic tech- 
niques {b}, 146:30 
Vascular grafts, infections, indium-1 1 1-labeled leu- 
kocyte detection of, 147:173 
Vascular malformations, angiographically occult, 
MRI imaging of, 146:1223 
Vasopressin, infusion, gastrointestinal hemor- 
rhage, 146:1031 
Velocimetry, laser Doppler, ultrasound relations, 
heart (a), 147:216 
Velopharyngeal insufficiency, videofluoroscopy, 
146715 
Vena cava 
hepatic venous drainage in, MRI, 147:635 
impending catheter perforation, radiographic rec- 
ognition, 146:487 
inferior stent filter, 147:1247 
retrievable filter, pulmonary embolism, short-term 
prophylaxis of, 147:836 
superior 
obstruction, digital subtraction venography, 
685 
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obstruction, treatment by venous angioplasty, 
147:834 
Venography 
see also Angiography; specific vein; organ; region 
lower-extremity, femoral vein compression and, 
14731025 
positive contrast, deep venous thrombosis of 
lower extremity, 146:845 
radionuclide, blood pool, 146:1051 
spermatic, male infertility and, 147:97 
Venography, digital subtraction, central venous 
obstruction and, 147:685 
Ventricular shunt, patency, assessment by sonog- 
raphy, 147:353 
Vesicoureteral reflux, see Ureter 
Videofluoroscopy, velopharyngeal insufficiency, 


146:15 
Viscera, hollow, suture anchor for drainage, 
146:160 
W 


Wexler, Howard Alan (m), 147:1062 
Wilms’ tumor, see Kidney 
Wrist 
digital arthrography, 147:563 
midcarpal, arthrography (I), 146:645 


X 


Xeroangiography, technique and application (a), 
147:864 
X-rays, see Radiography 
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